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Competition by roads, waterways 
and airways. 


(Continued) (*). 


Information regarding the year 1936. 


Greece, Algeria, French Indo-China, Kenya and Uganda. 


GREECE. 


) 
The Official Journal of the 30th De- 


ember, 1936, published the text of the 
iw « on the operation of suburban road 
Tvices with mechanical traction ». 
The essential clauses of this law are 
“@ hereafter. 


Definitions. 


| 

| Such traffic is to be considered as sub- 
tban road traffic as takes place over 
jtional, departmental, and municipal 
lads, and is worked by mechanical 
‘pans, between two places more than 20 
‘a. (12.4 miles) apart in the case of mo- 
irbuses and 50 km. (31 miles) in the 
se of lorries. 


Methods of operation. 


All suburban services for the trans- 


port of passengers, merchandise, and in 
general for any transport of any kind 
comes under the control of the State, 
whose task if is to investigate and orga- 
nise all road traffic. 

The existing services are carried out 
according to the three methods of opera- 
tion A, B and C defined below, so that 
the complete control of these services will 
gradually come under the State. 


(A) Operation by the State itself. 


(B) Concession of the operation to a 
third party by agreement, for 5 years at 
the most. 

In the case of competitive road servi- 
ces between places linked up by the rail- 
way, the concession is granted in prefe- 
rence to the railways, which can either 
operate the road service themselves or 
hand over the concession to a third party. 


\1) See Bulletin of the Railway Congress Association starting with the June 1934 issue. 


| xX—1 
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In this latter case, the State can intro- 
duce suitable means of transport belong- 
ing to the State over these roads. 


(C) Over part of the road system, ope- 
ration by private undertakings, without 
a concession, when so authorised. 

The State can impose a tax in the case 
of any agreement for operation by a 
third party. 

The State regulates the rates and iti- 
neraries by means of general ordinances 
which give the maximum and minimum 
limits. The concession holders of road 
services under each of the above three 
headings, as well as railway administra- 
tions, draw up detailed rates and routes 
within the limits laid down. 

The concession holder can in no case 
hand over his rights to a third party un- 
less the concession-holder is a railway 
administration which, on its own respon- 
sibility, can be replaced by a third party 
if authorized thereto by the Minister. 

Each road carrier has to keep accounts 
of its tickets, goods and the mileage co- 
vered by each vehicle. 

In the case of class (A) services, the 
Government can authorise the Hellenic 
State Railways to operate them on its 
behalf. 

Owners of mechanical means of trans- 
port in operation before the publication 
of the present law will be compensated 
if their services are discontinued as a 
result of this law. 


Private vehicles. 


The circulation of vehicles of all kinds 
for private business is not allowed over 
licensed routes except under certain con- 
ditions. ° 

Vehicles owned by the State, Munici- 
palities, the Diplomatic Corps, doctors, 
journalists, and foreign tourists, as well 
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as home vehicles touring the country are | 
free to circulate on all Greek roads. 


Lorry traffic. 


In the case of routes licensed under 
headings (A) and (B), lorries can be} 
worked freely within 50 km. (31 miles) 
of headquarters. For distances above 50 
km. (31 miles) the concession-holder of 
the road service in question is to he} 
paid a royalty fixed by the Minister. | 

Owners of lorries in circulation before 
the law on licensed routes must notify} 
the State, within one month from thes 
date of publication of the law, of the | 
headquarters from which they will have 
the right to work within a radius of 50 
km. (34 miles) as specified. 

The dimensions of a loaded lorry must} 
not exceed 2.50 m. (8 2 1/2”) in width! 
and 3.20 m. (10° 6”) in height from road 
level; the total maximum weight of load- 
ed vehicles must not exceed 10 tons. Thef 
headquarters, or place of departure, the } 
useful load and tare weight must hef 
shown on the sides of the lorry. 

Lorries are weighed on weighbridges 
which are located where laid down byj 
each town and served by State employees.| 


| 
J 


* 
* * 


Other clauses deal with the transport 
of mails, the staff (that actually employ- 
ed on licensed routes passes into the ser- 


| 
| 


vice of the concession-holder), or 
and sanctions. : 
oe ? 

ALGERIA. 

Algerian Railways. : 


(Joint Management of the Algerian State}ji 
Railways and the P.L.M., Algerian lines). 
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A passenger transport plan drawn up 
conform with the decree on co-ordina- 
n was put into force on the 1st March, 
36, on the eastern motor services of the 
ziers Department. This plan cut down 
» motor services by about 50 %, and 
some cases increased the fares to bring 
2m into line with the railway rates. 


Subsequently, the enforcement of co- 
dination of passenger transport in the 
‘ee Algerian Departments resulted in 
marked reduction in the number of 
vd services, and the fares were in- 
sased at the same time. 


[In the course of the year 1936 the Co- 
dination Committee continued to ra- 
nalise transport and in particular dealt 
th the question of extending the new 
in to passenger transport on demand 
xi services). New regulations, intend- 
to end the competition of such servi- 
s with the regular services, when they 
ceed their proper functions, are being 
awn up. 


FRENCH INDO-CHINA. 


The Government General of Indo-Chi- 
has supplied the following informa- 
n about competition met with by the 
Iway, chiefly from road services. 


1. Policing of road traffic. 


| 

The only effective measure, the intro- 
btion of special police for the roads, 
s not yet been taken. In its absence, 
| roads are badly policed, and the pu- 
transport services can evade their 
ligations (restrictions regarding the 
Jed, load, number of passengers, main- 
‘ance of vehicles). 

‘he drivers of vehicles used for trans- 
t in common, however, have to under- 
regular medical inspection (every five 
rs). 


——_ = 
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In addition, a decree of the Governor 
General lays down that all public car- 
riers must be insured against accidents 
to their passengers and against third- 
party risks. The guarantee must be at 
least 500 piastres (5 000 fr.) per seat pro- 
vided, and 10000 piastres (100000 fr.) 
per vehicle in addition. The insurance 
firms must be approved by the Govern- 
ment. The application of compulsary 


insurance dates from the 1st January 
1937. 


2. Co-ordination of transport (Special 
regulations on transport in common). 


The decree of the 6th May, 1933, and 
the ordinance of the Governor General 
dated the 28th November, 1933, by which 
transport in common in Indo-China is 
regulated, have now been put into force 
after some tentative efforts, the opposi- 
tion of the road carriers which the 
authorities at first tried to meet half- 
way at one time having been overcome. 

A decree of the 25th March, 1935, de- 
fining the procedure for the authorisa- 
tion of public transport services, is now 
in force. Carriers had to regularise their 
services by obtaining authority to work 
them. The authorisation deeds imposed 
definite obligations as to the number of 
trips, timetables, rates, capacity of the 
vehicles, etc... though in practice such 
obligations are not much more complied 
with than the highway code. The Com- 
mittees on transport co-ordination, which 
meet periodically in each country of the 
Indo-Chinese Union are unanimously in 
favour of a special road police, which 
alone would make it possible to effecti- 
vely control the traffic and the effi- 
ciency of transport co-ordination. 

The transport services in competition 
with the railway must also pay royalties. 
The payments are made regularly with- 
out difficulty in Tonking, Annam and 
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Cambodge. In Cochin-China they at first 
led to some slight disturbances, which 
are now settled, owing to certain mistakes 
made in applying the regulations on 
transport co-ordination. 

The enforcement of royalties has not 
decreased the number of undertakings; 
new firms take the place of those giving 
up, and though the number of services in 
competition with the railway has de- 
creased, the non-competitive or feeder 
services which do not have to pay royal- 
ties has increased. This was just one 
of the results desired. For example, in 
the Tonking the number of trips made 
daily by public transport vehicles in 
competition with the railway has fallen 
from 463 in 1934 to 334 in 1936, where- 
as the number of trips over non-compe- 
titive routes has increased from 315 to 
488 in the same period. These figures 
are a definite proof of the efficacy of the 
steps taken; another proof is the impro- 
vement in the railway receipts, which 
will be balanced this year (1936). 


3. Improvement in railway operation. 


The railway has made further applica- 
tions of the policy which consists in im- 
proving continuously the quality of the 
service offered, whilst keeping the rates 
very low. 

For example, 4th-class vehicles have 
been progressively fitted with electric 
lighting, and equipped with seats in the 
middle; very comfortable new (1st and 
2nd-class coaches and new restaurant 
cars have been put into service. The ve- 
hicles shortly to be built in France will 
be air-conditioned. 

The railway has just taken delivery of 
some railcars to be used on the outer 
suburban lines, over which the traffic is 
very heavy, round Hanoi and Saigon. 
They will be put into service shortly. 
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The rates have not been increased since 
1934. For the sake of clearness, some | 
of the fixed rates have been disconti- | 
nued and replaced by zone rates which | 
give more or less the same results. The |) 
iene kilometric rate in Indo-China } 
is still the lowest in the world : the ave-| 
rage receipt per passenger- -kilometre in|} 
the 4th class is 0.0048. it 


On the 4st October last, the au | 
Indo-China Railway was opened to ope-: 
ration from end to end, i. e. over 1729} 
km. (1074 miles). The comfort of the # 
journey has been much improved andi} 
the time will be appreciably reduced 
when the new locomotives ordered from| 
France will be delivered. From now on,,j 
the run from Hanoi to Saigon takes 40 

hours. ‘| 


Finally mention must be made of a 4 
important re-organisation which, though@ 
its main object is to lessen the burden 
imposed on the budget of the Colony by 
the railway, will also improve the oper-4 
ating conditions by bringing the whole} 
of the railway system of Indo-China un 
der a single management, apart from the} 
Hai-Fong to Hanoi and Yunnanfou line :f} 
this was the buying up by the Colony offi] 
the Phnom-Penh to Battambang andi 
Mongkolborey line in Cambodge, and the 
Bendongxo to Loeninh line in Cochin4 
China; the former has been operated b ! 
the Colony since the 1st January 1936%) 
and the latter since the 1st July. 

All these measures, as has already beert 
stated, have improved the financial posi/|} 
tion of the railways. This result is alli 
the more satisfactory as this year the 
railway has had to open long section) 
of new lines on which the receipts willl! 
only gradually reach the same level aiif! 
on the other sections. 


ao 
* * 
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BRITISH COLONIES. 
Kenya and Uganda. 


A committee was appointed to investi- 
fate and consider the desirability of co- 
rdinating and regulating all forms of 
ransport in the Kenya Colony. 

This Committee has handed in its re- 
ort to which is appended the text of a 
ill of law. We received a copy of this 
eport by courtesy of the General Mana- 
er of the Kenya and Uganda Railways 
nd Harbours. The following informa- 
ion is extracted therefrom. 

The Committee are satisfied that un- 
estricted competition between all forms 
f transport is not in the best interests of 
he country, or even of the transport ow- 
1ers themselves, and are unanimously in 
favour of some form of co-ordination 
ind regulation. The best way of attain- 
ng the desired end would be to introduce 
1 system of licensing based on the acid 
est of public advantage and necessity. 

To administer this system the Commit- 
ee recommends the constitution of a 
Jentral Transport Development Board 
vith power to appoint, if necessary, 
ocal agents or committees as required. 
The text of the draft Bill includes 
‘lauses on compulsory insurance. The 
ywners of all mechanically propelled ve- 
iicles used on a road should be compell- 
d to insure themselves against third- 
varty risks. 

As regards ancillary transport (other 
han the business of a transporter for 
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hire or reward) carried out by any per- 
son, the majority of the Committee, con- 
sidering that this might reach propor- 
tions likely to prevent the desired result 
being achieved, propose that this also 
should be licensed, though the obliga- 
tions imposed should be made as light as 
possible; other members consider it 
should be left quite unrestricted. 

Differences of opinion also arose con- 
cerning the application of the regula- 
tions, certain members wishing to limit 
it to certain main scheduled roads, gene- 
rally parallel to the railway, whereas the 
majority considered that the licensing 
scheme should apply to the whole Co- 
lony. 

The Commission did not reject the 
idea of exclusive licenses, but only under 
certain conditions, particularly as re- 
gards the period for the existence of the 
licence and suitable conditions of ope- 
ration and charges. 

A temporary authorisation is provided 
for transport undertakings which have 
been carrying on the business of trans- 
port for at least a year, at the time the 
proposed Control Board commences ope- 
rations. 

Uneconomie roads should be given up 
in favour of improved roads with better 
alignment and conditions. 

Finally without suggesting any modi- 
fication of the existing laws as regards 
railways, the Committee suggest that no 
new railway line be built without seek- 
ing the opinion of the proposed Trans- 
port Development Board. 


[ 628. 172 (.43) ] 


Permanent-way inspection car of the German 


State Railways, | 


by Dr.-Ing. MULLER, Reichsbahndirektor, Berlin. 


A. — Foreword. 


The Bulletin of the International Rail- 
way Congress Association for July 1936, 
p. 745, English edition, published a des- 
cription of the Swiss Federal Railways’ 
dynamometer car fitted with track in- 


spection equipment. The same articl 
also mentioned the Hallade equipment} 
the Sperry detector car, and the dynamoy 
meter car of the Great Indian Peninsuk 
Railway, but made no reference to th¢ 
Deutsche Reichsbahn’s permanent-war 
inspection car. The Reichsbahn own} 


= 


Wier Il. 


two permanent-way inspection cars, iden- 
tical in principle, one of which has been 
in use about 8 years for inspecting all 
the main. lines at regular intervals, 1 to 
4 years, As these cars give very accurate 
results and have been a great success, 
their design and working will undoubt- 
edly be of general interest. 


— Dorpmiiller track inspection appliance. 


B. — Conditions to be fulfilled by | 
permanent-way inspection car. 


As equipment on wheels for measurim 
the comparative level of the rails (super 
elevation) and the gauge, the Reichsbahi) 
used for scores of years the Dorpmiille| 
permanent-way inspection equipment 
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(fig. 1). This is a sort of trolley which 
two men haul over the section to be 
checked. As a result the speed of opera- 
tion and the work done per day are ne- 
cessarily restricted. Consequently the 
equipment is not suitable for checking 
quickly long continuous sections, but is 


best adapted to checking short sections © 


at intervals, as for example when passing 
work done to the track. Furthermore it 
is inadequate from the technical point 
of view, and no longer meets present-day 
requirements. It accurately measures 
the superelevation properly speaking, 
but, owing to its lightness, only gives the 
relative height of the two lines of rails 
in the unloaded state. Now, as regards 
smooth running of the vehicles and to 
appreciata the state of maintenance of a 
track, the level under the wheel loads of 
the vehicles alone matters. In addition, 
the Dorpmiiller apparatus only measures 
the superelevation and the gauge, which 
[wo factors are not sufficient for form- 
ing a complete idea of the state of main- 
enance of the track. 

When taking in hand the design of a 
yermanent-way inspection car, the 
Reichsbahn laid down the following pro- 
‘rramme : The car must record al] measu- 
ements required to show the condition 
{ the track in plan and in alignment. 
ionsequently it had to measure : 


4. the depression at the joints of both 
ines of rail under vertical wheel loads 
f about 5 tons; 

2. the reciprocal level of the two rails, 
lso under about 5-ton vertical pressu- 
28; 

3. the curvature of the track; 
4, the gauge. 


These iene aeaments were to be re- 
yrded at a speed of about 60 km. (37.3 
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miles) an hour, in black ink on a large 
enough scale, on a paper band unrolling 
itself so as to give a continuous record 
which could be duplicated afterwards. 
The longitudinal slope of the track was 
not to be measured as the gradient sec- 
tion is of only secondary importance 
when considering the technical condi- 
tions of the track. As the vehicle was 
to be a simple permanent-way inspection 
car, nO measurements in connection with 
the riding of the vehicles, such as, for 
example the movement of the bogies, the 
oscillations of the body, ete., were need- 
ed. On the other hand, special difficul- 
ties had to be overcome before it was 
possible to obtain measurements relating 
to the track, which were not made inac- 
curate by accidental oscillations of the 
vehicle, etc. This requirement was fully 
met, however, after some years of inves- 
tigations. 


C. — Measuring equipment. 
1. Scale of lengths. 


The recording band is 385 mm. 
(14 15/16” in.) wide. Its unrolling speed 
depends on the number of revolutions of 
the middle pair of wheels on one of the 
bogies and is so arranged that the curves 
are drawn to the scale of 1 in 5000, so 

oie pees 100000 
that 1 km. of track equals TMT: 20 
cm. of the recording band. 

Up to 1935, the unrolling speed was 
slower. The length was recorded to the 
inconvenient scale of 1 in 6580, 1. e. 
1 km. of track equalled 15.2 em. Plate I 
shows a record taken at this speed and 
plate 2 one at 1 in 5000 over the same 


section. 
2. Recording the track kilometrage. 


Along the top of the recording band 
(see plates 1 and 2), the lengths travelled 
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Stoblage (linke Schiene? Ll 


Uberhéhung 


Weiche 


iil StoBlage (rechte Schiene) 
i fern bee 

Wy 

i 

LPF Spurmessung 

bf 


Qleisrichtung 


Plate I. — Part of a recording band (half size). — Year 1930. Scale 1 in 6580. 
Explanation of German terms : 
Stosslage — state of the joints. — Linke (rechte) Schiene — left (ight) rail. — Weiche = points. — Spur- 
messung = gauge measurement, — Gleisrichtung = direction of the track, — Uberhohung — superelevation. 


by the car are recorded automatically by 
a pen which draws a line and also a 
small vertical line at each 200 m. At 
each kilometre a vertical line is drawn 


SLT MEIER mr 


by the pen on the opposite side. When 
starting an inspection, the equipment is 
set to agree with a kilometre post of the 
line. The figures representing the kilo- 


» | 


LS 


é 
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Plate 2. — Part of a recording band (half size). — Same section as Plate I, 
checked in 1936, after complete overhaul. 


Seale of lengths : 1 in 5000. 
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metres, names of stations, etc. are writ- 
ten in by hand whilst running. 


3. Measuring depressions at the joints. 


The depressions at the joints are most 
characteristic of the state of maintenance 
of a track. They are measured separately 
for each line of rails according to the 
principle of the measurement of the ver- 
sines. For this reason a 6-wheeled bogie 
was used. The measuring chord on each 
side of the bogie consists of a special steel 
girder connecting the two outer axles. 
This girder is shown diagrammatically in 
figure 2 by the straight line AB. The 


Wf 


Im, 
— 


le 
oe 480 k 0— 


+ 3,60m 


Fig, 2. — Measurement of the depressions at 
the joints under a six-wheeled bogie. 


vertical movement of the middle wheel 
relatively to the centre line of the girder 
is transmitted by a cable provided with 
a recording pen. Consequently the ver- 
sines f are measured for each rail in 
a vertical plane on a chord of 3.60 m. 
(17 9 3/8”) length (distance between 
centres of outer pairs of wheels). When 
passing over a low spot at a joint (fig. 
3a-c) this method of measurement gives 
a curve like that shown in fig. 3d, and 
at the reduced scale of the inspection 
car, curves like those of figures 4 and 5 
are obtained, the first of which shows 
a section with defective joints, and the 
other a section with joints in good con- 
dition. The recording band shows the 


line relatively to the left rail at the to 
above that relating to the right rail. Th 
depressions of the joints are shown fu 
size. 


I I I 


{ , Schiene | 
3a we 
= Va | 


Fig. 3a-d. — Passage of the three pairs 
wheels of the bogie over a low joint ar 
record of the measurement thereof (3d). } 


Note = Stoss = joint: — Sthicne = rauk 


Obviously these curves not only shoj 
the depressions at the joints, but al 
make it possible to find defects in le 
at other places, due for example to cef 
tain sleepers being insufficiently packe 

The measurement of low joints cow 
still be completed by an automatic cou 
ter which would count up all movemen| 


Fig. 4. — Section with defective joints. } 


of the recording pen exceeding a spd 
cified amount, or the total distance tré 


Fig. 5. — Section with joints in good 
condition, 


Figures 4 and 5 are extracted from the actuai | 
recording band, full size. 
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elled by the pen could be counted by 
_ mechanical arrangement. Such addi- 
ional devices supply data which enable 
n exact comparison to be made between 
he state of the joints on different sec- 
ions of track of the same length. Tests 
lave been made with such fittings, but 
hey are not used in normal inspection 
yvork unless specially required. 


. Measurement of the reciprocal level 
of the rails. 


In this operation, the question is to 
neasure the inclination of a vehicle axle 
elatively to a horizontal reference plane. 
‘his reference plane is given by two gy- 
oscopes coupled together in a special 
yay. For dynamic reasons, a pendulum 
uch as that of the Dorpmiiller instru- 
rent would be unsuitable on a vehicle 
aving torunat high speeds. The inclina- 
on of an axle relatively to the plane is 
vansmitted mechanically by cables to a 
cording pen, so that the superelevations 
e drawn to a 1in5 scale on the measur- 
ag band. The diagram of superelevations 
_ recorded on the paper band between 
ie two diagrams of joint depressions 
lates 1 and2). The superelevation curve 
| the same time gives a clear idea of the 
ate of the superelevation ramps (cant 
sveloping inclines). Between the slope of 
ie superelevation ramp 1 : m and the 
clination tand of the superelevation 


| h 
<—Rampe —| 


x. 6. — Diagram of a superelevation ramp. 


rve on the recording band (fig. 6), the 
ale of lengths being 1 in 5 000, and the 
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scale of superelevations 1 in 5, we get 
the equation : 


ee fan o 
7M = p00 , (1) 
where m = 1000 X cotan 3 (1a). 


If, for example, the slope on the re- 
cording band is tan 0 = 4, the slope of 
the superelevation ramp is 1 in 1000. 
By means of a suitable protractor drawn 


C2 SE _ - QL HVA 
GoCCTSB =" T= SIS KLIS 
) 
coe iy wv 
0 
0, ie 
0 
cee 70° 
i an 


Fig. 7. — Protractor for measuring the 
incline of superelevation ramps. 


on transparent paper (fig. 7) and applied 
on the superelevation curve, the slopes of 
the ramps can be read off directly. 


d. Checking the alignment of the track. 


The alignment of the track can be 
checked in two ways : by measuring in 
succession the versines of the curves, or 
the angle made at each instant of the run, 
by the longitudinal centre line of the 
vehicle with a fixed reference direc- 
tion (for example North-South). In the 
first case, the versines are drawn as or- 
dinates, which gives the diagram of the 
versines, or the diagram of curvatures; as 


a matter of fact, the curvatures of the 


track are proportional to the versines. In 
the second method, the angles of the 
curves passed over are noted on the dia- 
gram, which gives the direction line or 
the angles diagram. For checking the 
layout of the curves in the track, the di- 


va} 
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rection line is better than the diagram 
of curvatures, as the latter, even when 
the curves are well laid in, has a very 
irregular development and gives a slight- 
ly confused idea of the development of 
the curve, whereas the direction line is 
free from this drawback. It it true that 
the direction line could be deduced from 
the diagram of curvatures by means of 
an automatic integrator. It is preferable, 
however, to measure directly the align- 
ment (the rowte of the inspection car). 
This explains why this latter process was 
chosen for the permanent-way inspection 
car. 

At first, the fixed reference direction 
was established by means of a navigation 
gyro-compass. The movement of the in- 
spection car relatively to this reference 
direction was transmitted electrically to 
the recording pen. The arrangement had 
several drawbacks, due mainly to the 
inertia of the transmission gear. The 
gyro-compass was therefore replaced re- 
cently by a specially designed gyroscope 


Uber- Kreis- 
Gere Toor bogen ™ 


Fig. 8. — Direction line (diagram of angles) 
of a double depressed curve with transitions and straight sections at the ends. 


Explanation of German terms : 
tere —— ~ "1 * sae 
Gerade = straight. — { bergangsbogen = transition curve 


taking a curve to the left it rises (exam- 
ple : plates 1 and 2). 
The scale is selected so that the pen 


Tee jen Uoroanass Bernde 
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which resembles that used for measuring 
the superelevation. 

In order to make sure that the true 
direction of the track is being measured, 
and not accidental oscillations of the ve- 
hicle, the body is so connected to the 
bogies that the play in the rotation about 
the vertical centre line is reduced to the 
permissible minimum. 

The properties of the direction line (an- 
gles diagram) by the method used when 
pegging out curves is well known (+) | 

on the straight, a horizontal straight 
line is drawn, i. e. from left to right on 
the diagram (see fig. 8); 7 

on a circular curve, it is a straigh 
line inclined to the horizontal (tan a) 


; ‘ee | 
according as the curvature ai more or 


less marked; 
on a transition curve with lineally cur 
vature it is a second-degree parabola . 


When the vehicle takes a curve to th 
right, the direction line descends fro: 
left to right (example : fig. 8); whe 


- — Kreisbogen = circular curye. 


traces an ordinate of 1 cm. when the 
car passes a 50° angle of the curve; i 
other words, between the ordinates y “(in 


(1) Bulletin of the Ratlway Congress, February 1935, page 222 


22 (English edition). 
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|.) on the paper and the corresponding 
gle in degrees, run over by the car, 
» equation is : 


(9) 


sd 


ee 


(2) 


\item) == 


hen ¢ is expressed in terms of the are, 
is equation becomes 


180 t 
Sempo gt solid Aol. | 


” 
wT 2) 


Yiem) = 


|. 9 a-b. — Relation between the radius of 
‘jurvature R and the slope y’ of the direc 


_bte : Richtungslinie (Winkelbild) = direction 


(diagram of the angles). 
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The relation between the radius of 
curve R and the inclination tana of the 


direction line can be deduced easily as 


follows 

The direction line EA corresponds in 
the diagram of the angles (fig. 9a) to the 
segment of are AE (fig. 9a), of length L. 
In accordance with the scale of lengths 
1 in 5000, the length of are L is repre- 
sented as a horizontal abscissa of length 

L ‘ 
~ 5 000° (6) 

(x and L in em.). 

The direction line has a slope to the 
horizontal of 


y 


y=tanag=~—. 
\ a 


Substituting for y and x the values 
given by equations 2a and 3, we get : 


11.450 Ge) 
ee we eS 
=== (RVING, == L: 3000 — dT 300, L” 
Now from figure 9a : 
9 { 
 ® 
whence 
57 300 
SS RNG) Ss mae = 


R 


R is here the radius of curve in cm.; 
when R is in metres, we have : 


wherein : 


In other words, the slope y’ of the direc- 
tion line to the horizontal is proportional 


to the curvature u or the radius of cur- 


R’ 
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vature R is inversely proportional to the 
slope y’ of the direction line relatively 
to the horizontal. The steeper the direc- 
tion line, the smaller the radius. 

The direction line is at the bottom of 
the recording band (plates 1 and 2). In 


re) ed = iS \ 
ee ee ik hla ten 9) 
zB we 
% S 
0 
con & 
<a) a® 
en or 
3 0 
79 400 
720 420° 
7500 4500 
2000 2000 
3000 3000 
$000 SN Lig 5000 
Fig. 10. — Protractor for measuring the radii 


of curvature R (in metres). 


the same way as for the slope of the su- 
perelevation ramps, a transparent pro- 
tractor (fig. 10) can be used to read off 
the radii directly. 


6. Checking the gauge. 


The gauge is measured by two friction 
bars about 1.30 m. (# 3 18/64’) long 
held against the inside edges of the rails 
by springs. The bars are fitted with 
special interchangeable heat treated steel 


| ae 
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shoes about 12 cm. (4 3/4’) long which 
slide along the rails. Owing to wear, 
these shoes must be renewed after about 
every 5000 km. (3100 miles) of length 
has been measured. Long bars are ne- 
cessary so as to pass over points and 
crossings (gaps at crossings and spring 
crossings). 

The reciprocal horizontal movement of 
the friction bars is transmitted by a ca- 
ble to a recording pen. A second pen 
draws a straight base line corresponding 
to the standard 1.485 m. (4 8 1/2”), 
gauge. The ordinates of the gauge curvel 
referred to this base line consequentl 
shows directly where the gauge is slack 
or tight. If the gauge curve falls below 
the base line, the gauge is wide; if above, 
it is tight. The transmission gear is ad- 
justed to trace the gauge to the scale of 4 
in 2. The gauge curve is located about 
the middle of the recording band (see 
plates 1 and 2). 


7. Measurement of the running speed. 


The inspection cars were also provided 
with apparatus for drawing a speed curve 
on the band. This was done away with 
later on, as being superfluous. As a mab 
ter of fact, the inspection cars work im 
such a way that the records are mad 
independently of the speed and are nof 
influenced by it. (See figs. 11a and 11b)4 


| 


Naber! 
) Wav; 
I oommlalicis — Curve of superelevations recorded at the speed 
V = 60 km. (37.3 miles) an hour. 
Fig. 116. — Superelevations of the same curve, recorded at the speed 
V = 100 km. (62 miles) an hour, 
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There is no need, therefore, to record 
» speeds during regular inspection 
ps, as if is of no help in interpreting 
» condition of the track and the speed 
rve merely complicates the diagram. 


— Accuracy of the measurements. 


For the track inspection car to meet 
requirements of a measuring instru- 
nt it must meet the following specifi- 
jons : 

|. The representation to scale of the 
te of the track, given by the curves, 


ist correspond to the actual condition 


the track travelled over. The instru- 
nts therefore must be accurately « ca- 
rated ». 


1. The measurements must not be af- 
ted by accidental oscillations of the 
licle. In other words, if the same sec- 
n of track is travelled over a number 
times in succession the diagrams ob- 
red must agree. 


», The measurements must be inde- 
dent of the speed of the car, as a 
en speed cannot always be maintained 
service. Consequently the records 
st be the same for the same section of 
2k, whatever the speed variations. 
yhe two track inspection cars of the 
chsbahn fully meet these conditions. 
re 11a, for instance, taken from a 
yrding band, shows the superelevation 
ve recorded at 60 km. (37.3 miles) an 
|r, while figure 11b is a second check 
the superelevation curve, but at 100 
| (62 miles) an hour. The perfect 
sement between the two curves will be 
pd, as well as their independence of 
| speed. 


| the reciprocal levels of the two rails 
‘recorded is shown, for instance, at 
jpoints marked a on the diagram, plate 
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2. In this case, the corresponding points 
on the two lines of rails show slightly 
different depressions, This small diffe- 
rence between the depression of the 
Joints is shown at point a too, by the 
superelevation pen, to the corresponding 
scale, of course. 

Many tests and regular inspection runs 
carried out over many years supply the 
proof that the accuracy of the records 
obtained on the bands with the inspec- 
tion cars can hardly be bettered. The 
Reichsbahn has produced, in these in- 
spection cars, a means of checking the 
permanent way which meets all requi- 
rements, i. e. a measuring instrument 
which records the actual state of the 
track independently of the speed of the 
vehicle or of the oscillations of. the body 
inevitably set up, when running, by the 
various dynamic forces. 


E. — Fitting out and use 
of the permanent way inspection cars. 


The electric current for driving the 
gyroscope, lighting the car, ete. is sup- 
plied by a petrol engine with direct 
coupled generator. Each inspection car 
is coupled to a service vehicle. The in- 
spection car consists of the instrument 
section, (fig. 12), a living room and a 
sleeping compartment for the engineer 
in charge, whilst the service vehicle con- 
tains sleeping accommodation for the 
staff, a workshop, the electric generating 
set and a kitchen. The inspection train 
consists of a locomotive, the service vehicle 
and the inspection car and is always run 
as a special train at 60 km. (37.3 miles) 
an hour. The inspection car is usually 
attached at the rear and is turned so that 
the track can be seen from the instru- 
ment section through the large window 
at the end of the vehicle. 


Gr 
u 


OctToBER 19, 
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he staff of the inspection car consists 
he engineer in charge of the inspec- 
1 run, a foreman and one or two fit- 
. In addition, the local permanent 
’ maintenance staff take part in the 
ular inspection runs. 
he first permanent-way inspection 
was completed in 1929. It gave very 
d results, but as it could not cover 
whole of the main lines of the 
chsbahn a second car was built in- 
porating such modifications as expe- 
nce shewed to be necessary; if was 
ned out in the 1932 autumn. 
‘hese two inspection cars have to 
ek the 77000 km. (47850 miles) (in 
ind figures) of track of the Reichs- 
in. The most important lines (those 
r which corridor trains and_ high- 
ed railcars operate) are inspected 
ve a year, the other main lines and im- 
‘tant secondary lines every two years, 
1 the less important secondary lines 
ry four years. In addition to the or- 
ary runs, special runs are made for 
ticular.reasons, as for example when 
condition of the track has to be as- 
ained as quickly as possible with a 
to increasing the speed, on a given 


he regular inspection runs are made 
ing the months of March to June, and 
ust to October. About 300 km. (186 
s) of track are inspected daily. Up 
he end of 1936 the two inspection 
had covered over 300000 km. 
000 miles) of track, so that each 
k had been inspected four times al- 
In addition, over 30000 km. 
600 miles) of track on foreign rail- 
s had been inspected. 

fter the records have been taken, the 
dard superelevations, gradients, etc. 
marked thereon. A number of copies 
then made and distributed to the area 


a 
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headquarters for the use of the operat- 
ing and permanent-way departments. 

The heads of the permanent-way sec- 
tions find these diagrams most useful as 
they indicate just where the track requi- 
res attention and also whether work done 
has given the desired result. If the re- 
cording band No. 1 be compared with 
band No. 2, the extent to which the ins- 
pection car has raised the education of 
the staff and improved the quality of the 
maintenance work is seen immediately. 
Plate 1 is a record from newly laid, 1929 
pattern track. The condition of the joints 
is not altogether satisfactory for new 
track; the alignment also reveals some ir- 
regularities, especially at the transition 
curves. As regards the relative level of 
the rails, this can only be described as 
very bad. Obviously too little importance 
was attached to the exact measurement of 
the superelevation. Plate 2 shows the 
same track section completely overhauled 
and inspected in 1936. The condition of 
the track is much improved, both at the 
joints and as regards alignment, but es- 
pecially as regards the superelevation and 
the superelevation ramps. The reciprocal 
levels of the rails can be said to be 
beyond criticism, as they are correct to 
within 1 mm. (0.039”). When in this 
condition, the track provides very smooth 
riding, even at high speeds, and it will 
remain in good state much longer than 
when serious defects exist from the be- 
ginning. 

Figure 13 shows the curve of superele- 
vations and the direction line of two 
reverse curves without any intermediate 
straight length. The first is a left-hand 
curve of 550 m. (27 1/2 chains) radius, 
and the second is a double depressed 
curve of 550 and 900 m. (27 1/2 and 45 
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Fig. 138. — Curve of superelevations and direction line of two reverse curves without 
intermediate straight section. 
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Fig. 14.— Condition of joints and superelevation curve of a curve with superelevation rail 
of S form, and of a curve with straight superelevation ramps. 
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nains) radius. Figure 14 shows the 
ondition of the joints and the super- 
levation curve of two consecutive right- 
and curves on a section of line run over 
t speeds up to 160 km. (100 miles) an 
our. The first curve has superelevation 
amps of § form, the steepest slope being 
in 640 at the middle of the ramp; the 
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second curve has straight ramps the 


steepest slope of which is 4 in 4 600. 


The improvement in the state of the 
track during the last ten years, which 
has enabled the track to meet the requi- 
rements necessary for the present fast- 


train services (1), is largely due to the 


permanent-way inspection cars. 


(1) Further details on the construction of 
le inspection cars are given in the following 
upers : 

Dr. ZINSSER and HERRMANN : « Der Ober- 
lumesswagen der Deutschen Reichsbahn » 
[The Reichsbahn permanent way-inspection 
ir), Die Reichsbahn, 1931, Nos. 20-21, 


HERRMANN : « Die Messung des gegenseiti- 
gen Hohenlage der Fahrschienen in den Ober- 
baumesswagen der Deutschen Reichsbahn » 
(Checking the relative levels of the rails by 
the Reichsbahn permanent-way inspection 
cars), Organ fiir die Fortschritte des Bisen- 
bahnwesens, 1936, No. 15, p. 315. 


[ 628.44 ] 


Results of the Polish State Railways’ experiments 
on the elastic deformations 


of the track and the stresses set up therein (*). 
by Dr.-Ing. WASIUTYNSKI, 


Vice President of the Technical Council, Polish Ministry of Communications. 


One of the principal railway questions 
is the type of track best suited to the 
traffic. This question is closely bound 
up with the design and movement of the 
vehicles, and its solution depends on the 
relations between the vehicle and the 
track. 


Briefly, the problem is to find a track 
equipment suitable for a given type of 
vehicle, which latter is being developed 
to meet the demands for increased loads 
and higher train speeds. 


The importance of this problem is 
clearly shown by the programmes of the 
Sessions of the International Railway 
Congress Association, as it has been dealt 
with under one form or another at 7 
Sessions out of thirteen. 


At the Cairo Congress the question 
of the relation of the vehicles and track 
to suit modern conditions was gone into 
very fully. The construction and the 
motion of vehicles, the equipment and 
strength of the track were dealt with in 
the reports submitted by Drs. Matsuna- 
wa, S. Kurokochi and K. Asakura, Dr. 
Deyl and Messrs. H. Baumann and Jaehn 
as well as in the Special Report by 
Messrs. Desprets and Chantrell. The 
conclusions come to were : 


« The computation of the strength o 
the railway track is especially an experi 
mental matter. Research work under 
taken by some Railways ought to ba 
encouraged and followed with interest. 


The position of these investigation 
was given in the above reports presentec 
at the Congress. 


Question I of the programme of th 
XIIIth Congress (Paris, 1937) dealt witi 
the « Construction of modern track fo 
heavy loads moving at high speeds an 
methods of modernising old lines fo 
such speeds and loads ». The detaile 
questionnaire showed that the main 0 
ject was to obtain particulars of th 
experience acquired to date in conne 
tion with the track, the modern loc 
motive and rolling stock being the r 
sult of former investigations. It appea 
difficult, however, to deal with the i 
provements introduced in permanent wa 
design without giving the data on whicij 
they are based. 


For this reason, we thought the atte 
tion of the Congress should be draw 
to the experimental work done on t 
Polish State Railways during rece 
years. These tests were carried out t 
compare the effects on the track 


* fe) ss . . . C . 

i ) Complement to the report by Mr, Lemaire, on Question I (Paris Session, 1937) + 
« The construction of modern track to carry heavy loads 
speeds. 


modernising old track for such loads and 


high speeds » published in the February 1937 


gress. 


at high speeds, and methods of 
Facing points which can be taken at 
number of the Bulletin of the Railway Com 
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ertain modern locomotives for 
ig heavy passenger trains at high 
peeds, such as the 4-6-0, 2-8-2 and 
-8-2 engines. Improved photographic 
1ethods now used to record the dis- 
lacement of selected points of the track 
lake it possible to measure the elastic 
eformations and the stresses at these 
oints with great accuracy, whilst avoid- 
1g some defects of other methods. 


work- 


The organisation of these tests and 
1e results obtained were described in 
etail in a recently published book (*). 
he following conclusions were come to: 


I. Effects of the moving loads 
on the rail supports. 


. Bearing coefficient of the sleepers 
under running trains and under hy- 
draulic pressure. 


This coefficient expresses the relation 
etween the pressure p of the lower face 
f the sleeper on the ballast, and the 
epression y of the sleeper, i.e. : 
Cte Pp kgr./em? 
y cm. 

| When investigating first of all the 
fects produced by the load on the rail 
ipports, the bearing coefficient of the 
eepers was found from the elastic de- 
-ession of the whole of the sleepers of 
length of track, as well as of indivi- 
lally loaded sleepers. 


|The observations showed that the 
paring coefficient of the sleepers, cal- 
lated for the amount a_ group of 
pepers were depressed simultaneously 
der a running train, is about half that 
| the bearing coefficient of a single 


| 


\(*) « Recherches expérimentales sur les 
Formations élastiques et le travail de la su- 
Ystructure des Chemins de fer » (Experi- 
ints on the elastic deformation of the track 
1 on the stresses set up therein), by Dr. A. 
JASIUTYNSKI. Extracts from the Annales de 
jcadémie des Sciences Techniques, Warsaw; 
11, IV. Paris 1937. Dunod, Publisher. 
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sleeper under hydraulic pressure. For 
example, with broken stone ballast 


35 cm. (14 inches) deep under the slee- 
pers, the bearing coefficient of the slee- 
pers under a running train taking their 
compression into account was 3. to 
3.5 kgr./em’ (96 to 102 Ib. per cu. inch) 
whereas a single sleeper under hydrau- 
lic pressure showed a value of 5 to 
7.6 kgr./em® (160 to 244 Ib. per cu. inch). 
This result, when checked by the theory 
of elasticity, shows that the second of 
these values, ignoring the effect of ad- 
jacent sleepers on the elasticity of the 
sleeper taken separately, cannot be taken 
as the basis when calculating the defor- 
mation of the rail and the stresses in it. 


No difference in the value of the bear- 
ing coefficient was found up to speeds 
of 107 km. (66.5 miles) an hour. 


2. Roadbed coefficient. 


The roadbed coefficient in the above 
case of a sandy formation was on the 
average 3.1 kgr./em? (100 Ib. per cu. 
inch.), which made it possible to obtain 
the value of the coefficient of the broken 
stone ballast, i.e. the bearing coefficient 
of the sleepers in the case of an absolu- 
tely rigid formation. 


3. Ballast coefficient. 


The value of the ballast coefficient for 
broken stone was 6.1 kgr./em? (197 Ib. 
per cu. inch.) which is the greatest value 
of the bearing coefficient of the sleepers, 
and proves that the much higher values 
of this coefficient, frequently used in 
calculating the track, are not justified. 


II. Elastic deformations and stresses 
in the rail under vertical loads. 


1. Bases of the calculation of the rail 
under stationary loads. 


The calculation of the deformations 
and stresses in the rail under a single 
load or under a series of stationary loads 
shows that the differences in the de- 
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formations under the two methods of 
laying — rail considered as a girder 
resting on separate elastic supports or 
as a girder on continuous supports — 
does not exceed 1/2 %. The difference 
in the stresses in the rail does not ex- 
ceed 5 %, the continuous elastic support 
hypothesis giving the lowest stresses. 

This finding is very important as it 
considerably simplifies the calculation 
of the deformations and stresses in the 
rail under stationary loads, to be used 
for comparison with the deformations 
and stresses under the dynamic load of 
the trains. The above-mentioned diffe- 
rence of less than 5 % under stationary 
loads, the rail being taken as supported 
continuously, can be accepted, espe- 
cially so as it gives a certain margin of 
safety in the dynamic effect of a load 
as calculated from its static effect. 


2. Effect of the speed. 


The effect of the speed of the progres- 
sive motion of the load measured from 
the average depression of the rail is 
insignificant as a rule. At speeds of 80 
to 110 km. (50 to 68 miles) an hour, the 
average depression did not exceed 7 to 
14 % of that under static loads. In 
the same way the average stresses mea- 
sured in the rail at speeds up to 110 km. 
(68 miles) an hour were close to those 
under stationary loads. 


2. Effects of the design of the locomo- 
tives and the state of their tyres on 
the wheel pressures. 


The maximum depression of the rail 
under the locomotive driving wheels 
differs from that under stationary loads 
by a maximum of 28 %. The amount 
is greater at speeds of 80 to 110 km. (50 
to 68 miles) an hour than at lower 
speeds. These differences depend on the 
design and state of repair of the loco- 
motives and in particular on : 


(a) The pressure of the cross heads 
on the slide bars, which reduces the load 
on the first pair of coupled wheels by up 
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to 23 % of the load when stationary an 
consequently increases the load on tk 
driven pair of wheels and the trailip 
coupled wheels. 


(b) the periodic variations of tt 
pressure of the coupled wheels owir 
to the inertia effects of the excess cow 
terbalance weight, and the alternatir 
masses. 


(c) the periodical variations of tt 
pressure of the carrying wheels an 
coupled wheels, due to tyre flats. 


(d) the free oscillations of the whee! 
owing to the variation in their pressut 
given under (a), (b) and (c). 


j 
' 


(e) the oscillations of the springs, dy 
to the variations in pressure of Tf 
wheels and the depression of the rail. 


, 
influence | 


The calculation of the 


these causes on the pressure of the r 
gave results agreeing with those obtaing 
from the observed depression of the r 


The whole of the above observatio 
leads to the conclusion that, when ¢: 
culating the vertical depression of t} 
rail under locomotives at high speef 
on level straight track, the following 
creases in static wheel pressure sho 
be allowed : 

At 80 to 110 km. (50 to 68 miles) 
hour, 30 %, 

Under 80 km. (50 miles) an hot 
about 20 %, 

the excess counterbalance weight a 


tyre flats being supposed to be reas 
able. 


4, Conditions to be fulfilled in or 
to limit the wheel pressure. 


To limit the dynamic pressure of 
wheels, it is desirable that : 


(a) the weight of the locomotive 
distributed over all pairs of wheels, 
average extra load on the driven p 
of wheels and the trailing coup! 
wheels being taken into account; 
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(b) the excess counterbalance weight 
» less than 10 % and be equally distri- 
ited over the coupled wheels; 


(c) the tyre flats be limited, not only 
, regards depth, but also as regards 
aximum length, which is the greater 
e more pronounced the flat. 


5. Vibrations of the rails. 


The free vibrations of the rail during 
le movements of the trains have a 
eriod of 0.006” to 0.004”. The ampli- 
de does not exceed 1 % of the depres- 
on of the rail under the wheel load. 


6. Retardation of the vertical 
deformation of the rail. 


The vertical deformation of the rail 
ccurs about 0.008” after the wheel caus- 
ig it has passed. 


7. Maximum stresses. 


As a rule the stresses found in the rail 
nder each driving wheel considered 
parately differ from the static stresses 
ore widely at 80 to 110 km. (50 to 
3 miles) an hour than at lower speeds. 


In many instances high stresses in the 
ul are not accompanied by a corres- 
mnding depression of the rail and fre- 
iently the depression is less than the 
uculated value under static load. 


At speeds of 80 to 110 km. an hour the 
resses observed in the rail under each 
heel taken separately exceed by 45 %, 
id at lower speeds by 35 %, those cor- 
sponding to the widest observed va- 
ations in depression. 


Lateral forces and torsional forces. 


The differences between the effect of 
e vertical wheel pressure depressing 
e rails and the corresponding stress 
ow that the stresses in the rails de- 
md not only on the vertical forces but 
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also on others such as the lateral and 
torsional forces. These differences 


make it possible to 
whole of the forces 
line. 


get an idea of the 
on a straight level 


Ill. Longitudinal elasticity 
of the track. 


1. Longitudinal movements of the rails. 


The longitudinal forces acting on the 
rail through the adhesion of the loco- 
motive driving wheels set up along the 
centre line of the track an elastic re- 
action of the rails and their supports. 
It follows that the variations in the trac- 
tive effort set up longitudal oscillations 
in the rails and sleepers. 

The longitudinal oscillations of a rail 
with a period corresponding to that of 
the variations of the steam pressure in 
the cylinder near the rail appear to 
indicate that the cylinder on the other 
side of the locomotive has no marked 
effect on these oscillations. 


2. Longitudinal bearing coefficient. 


The value of the longitudinal bearing 
coefficient of the sleepers corresponding 
to a single rail, observed to be equal to 
12:5 t/em. (31 Engl? tons per inch.) 
approaches the value of the vertical 
bearing coefficient of the sleepers. 


3. Reaction of the rail. 


The reactions of the rails in the run- 
ning road against the longitudinal forces 
approach those of a girder on an infinite 
nuinber of elastic supports. 


4. Stresses in the rails. 


The stresses in the rails due to the 
forces acting at a tangent to the tread 
of the driving wheel tyres do not exceed 
10 kgr./cm? per metr. ton (144.5 Ib. per 
square inch per Engl. ton) of the axial 
load. 
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Note on Train Speeds, 


by Lionen WIENER, 


Professor at the University of Brussels. 


PART II (Continued) “ 


Train speeds and services in different countries. 


XX. — GERMANY (concluded). 


CHAPTER LVII. 


The speeds. 


LVII-1. — Evolution. — In railway 
story certain dates mark the beginning 
a radical change or the start of a new 


lo 
[he introduction, on the 45th May 
33, of the first ultra-fast diesel train, 
« Flying Hamburger », has a double 
im to be considered as such a date. 
was the result and the practical solu- 
1 of various problems concerning the 
rease in train speeds; it also introduc- 
new operating methods which could 
applied not only to railcars but also 
other kinds of traction. 
‘he « Flying Hamburger » brought out 
things : first that it was possible to 
ntain very high speeds in regular 
y services, which was a considerable 
antage in dealing with air and road 
ipetition; secondly that excellent re- 
s would accrue from the running of 


light fast trains which would not only 
bring traffic back to the railways, but 
also assist in developing it. 

Apart from technical improvements to 
the track, if very-high speed trains were 
to be run between existing ones, it be- 
came necessary to accelerate most of the 
latter, both passenger and goods, which 
led to a radical change in operating me- 
thods. 

This is the reason the 15th May, 1933, 
is so important a date for every country, 
and especially for Germany. It marked 
the beginning of a general acceleration 
and improvement in its railway services, 
which has since been carried out syste- 
matically with the painstaking thorough- 
ness that is one of her national charac- 
teristics. Each year has shown some 
improvement over the preceding year, 
and when once the initial step had been 
taken Germany continued to make re- 
markable progress, so that not only has 
she caught up arrears but even out-paced 


1) Cf. Bulletin of the Railway Congress, October and November 1933; January, May, 
a and July 1934; February, March, April, May, July and October 1935; March, May, 
jie, July and August 1936; February and August 1937. 
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TABLE 326. 
GERMAN TRAIN SPEEDS IN 1897. 
i Distance. Time & a Meee. 
ADMINISTRATION. Run. = See saab EG 
Km. | Miles.|| SP°"": | 3-3 |Km./h.|M.p.h. 
ET aa, 
‘USS. Berlin-Hamburg. 286 |177.7 || 3h. 36 0 79.4 | 49.3 
ee Berlin-Halle . 462 |100.7 || 2h. 08 0 76.0 | 47.2 
Do. Berlin-Magdeburg . 142 | 88.2 || 1h.58 2 12.2 | 4499 
Do. Berlin-Cologne . HOM opus On| | more 29 61.6 | 38.3 
Saxony. Leipz.-Dresden-Neustadt . 415 | 74.5 || 1h. 46 it 65.0 | 40 4 
Mecklemburg. Neustrelitz-Warnemtinde BPA 3) GP ||] ins ail 16 52D oeeo 
Bavaria. Munich-Ulm . 146 | 90.7 || 2h. 40 2 67.4 | 44.9 
Wurtemberg. Stuttgart-Immendingen . VATS 94-34) Sheol 10 50.4 | 31.39% 
Baden. Basle-Mannheim 258 1160.3 || 3h. 36 10 72.0 | 44.7 | 
Do. Basle-Heidelberg 254 1156 0 || 4h. 05 25 64.4 | 38.2 | 
Alsace-Lorraine. Weissenburg-Basle. 208 |129.3 || 3h. 13 9 64.6 | 40.4 | | 
' 
| 


other countries slower to follow in her 
wake. This progress can be traced to 
a series of stages, each beginning with 
speed tests after which the authorised 
maximum speed was increased. 


TRAIN SPEEDS IN 1897. — Maximum 
authorised speed was 80 km. (50 miles) 
an hour, or by special permission, 90 km. 
(56 miles). At the time, the Berlin-Ham- 
‘ burg line already headed the list with 
70 km. (43.5 miles) an hour or 81 (50.3 
miles) deducting stops; all the trains of 
the other Administrations were slower. 

France and England only, boasted ave- 
rage speeds exceeding 80 km. (50 miles) 
an hour. 


Tue 19014 ann 1902 Beruin-Zossen MInI- 
TARY LINE TESTS. — In order to ascertain 
latent speed possibilities and the best 
way to improve them, a series of tests 


were started in 1901. They were more! 


in the nature of preliminary tests con-' 


cerning existing coach designs and track 
construction, so as to adapt them to 
speeds up to 200 km. (125 miles) an 
hour. At the trials, a speed of 157 km. 
(97.6 miles) an hour only was reached 
but even so, the track originally built} 
for speeds up to 80 km. (50 miles) an} 
hour only, proved inadequate at the} 
higher rates of speed. 


Tests carried out in 1902 determined 
the tractive resistance of trains at diffe- 
rent speeds up to 120 km. (75 miles) an} 
hour. 


TESTS ON THE HANOVER-SPANDAU LINE, — 
This section is 243.5 km. (151.3 miles) 
long, with curves of 1000 to 3766 m.| 
(50 to 188 chains) raditis and three cur- 
ves of 750 m. (37 1/2 chains) only. The 
profile (+), which had no gradients stee- 


(1) Although generally laid with 41 or 43.5 
were still some sections with 33.4 kgr. (67.3 lb. per yard) rails. 


kgr. (82.6 or 87.7 lb. per yard) rails, there 
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TABLE 327. 
HIGHEST OVERALL SPEEDS IN 1897. 


SS 


Distance. Time Speed 
Run. Riper tee ec teT ' SS Company or Administration. 
Km, | Miles.|/SP°?"-|Km./h,|M.p.h. 
SO 
sondon-Bristol . . .| 192 | 119.3) 2.15) 85.2 | 52.9 |England, @t. Western Ry. 

Do. Exeter . a ere oe eee OOROMImOoR4 Do. Do. 

Do. Doncaster . .{ 251 | 156.0] 3.00) 88.7 | 52.0 Do. Gt. Northern Ry. 

Mor Carlisle: 4774) 484 | 298-9)" 5°50) 82.7 | 5424 Do. L. and North Western Ry. 

ID OMEYOLDKe) Me EE OUSHIE1GS.cll0o.40i 80).8. | S02 Do. G. N. and N. Eastern Rys. 
Paris-Calais. . . .| 295 | 188.3)/ 3.30) 84.3 | 52.4 | France, Nord, « de luxe ». 

oe ae 3.42) 79.0 | 49.0 Do. Do, rapide. 
Do. -Bordeaux. . .}] 585 | 363.5] 8.00] 73.4 | 45.4 Do. State. 

Do. -Marseilles . .| 863 | 536.3)) 14.50] 72.9 | 45.3 Do. P.LM., « de luxe ». 
Do. -Les Aubrais. .J 124 UDA sec 78.9 | 49.0 Dome.O: 

Do. -Havre. eee 228 4447 3.30) 65.4 40.5 Do. Ouest. 
Brussels-Ostend. . .} 120 74.6|| 4.35) 77 8 | 48 3 |Beleium, State Rys. 

Don Arion 2.1 4199) 423) 7) 3.081636 4239).5 i 
Vienna-Budapest . .J 278 | 172.7|| 4.05/ 68.4 | 42.3 | Austria-Hungary (11 stops). 
Alexandria-Cairo . .| 209 | 129.9)| 3.20] 62.7 | 39 .|Hgyptian State Rys. 
Venlo-Flushing. . .{ 209 | 129.9) 3.40) 57.0 | 35 4 |Netherlands State Rys. Co. 
Bologna-Brindisi . .] 763 | 474.4|| 144.00} 54.3 | 33.7 |Italy, Rete Adriatica. 

Rome-Milan. . . -| 469 | 291.4]| 8.39) 54.4 | 383.6 | Do. Rete Mediterraneo. 
Wirballen-Petrograd .{ 892 | 554.3|] 146.55] 52.7 | 32.7 |Russia. 

Malmoe-Stockholnm. .| 648 | 384.0)! 12.40] 48.8 | 30.3 | Sweden. 

Basle-Lucerne .. . 94 58.4] 1.55) 49.0 | 30.4 |Central Swiss Ry. Co. 
Tun-Lisbon. . . .{4 O77 | 669.2)| 24.05] 48.3 | 26.9 |Norte (Spain) and Portugal. 
uisbon-Oporto . . .f 343 | 2143.4]} 10.48] 32.0 | 19.9 |Portuguese Rys. Co. 
Moscow-Kansk . . .[4 523 |2810.5|/240.00; 19.0 | 14.8 |Siberia. 


er than 1 in 300 was an easy one. A hour was made in 1 400 m. (1530 yards), 
andard 40-axle 318-tonne (313 Engl. which was greater than the distance be- 
ms) test train was used for speeds up tween the distant and home signals. 

» 120 km. (75 miles) an hour and a These tests showed that, from the trac- 
ghter 20-axle 156-t. (153.4 Engl. tons) tion point of view, much had still to be 
ain, up to 140 km. (87 miles) an hour. done. Two of the three locomotives test- 
he line included several obligatory ed, a 4-4-2 and a 4-4-0, were unsteady at 
yeed restrictions (+). a speed of 120 km. (75 miles) an hour, 
‘With 100 % braking power, a stop and none of the three was able, save 
‘om a speed 130 km. (80.8 miles) an when running light, to reach the required 


(1) Between Berlin and Lehrte (40th km. = 25th mile) where the maximum speed 
lowed was reduced to 40 km. (25 miles) an hour, there were three speed restrictions 
o 90 km. (56 miles) and another at Hamerten when crossing the bridge over the Elbe, 
o 60 km. (37.3 miles). 


] 


2008 
speed of 140 km. (87 miles) an hour. With 
the heavier train, a speed of 93 km. (57.8 
miles) an hour was reached and, with 
the lighter one, 103 km. (64 miles). 

However disappointing these results 
may have been, they showed on what li- 
nes it would be necessary to improve the 
existing state of affairs as they pointed 
out the weakest points. 

The average speed continued to in- 
crease slowly, partly because the railway 
system was split up among a number of 
independent administrations. 

For a long time the record was held 
by the Prussian State Rys., whose Ham- 
burg and Wittenberge 159.2 km. (98.9 
miles) were covered in 2 h. 31 m., ie. 
at an average speed of 86.1 km. (53.5 
miles) an hour ('). 


1904 TESTS ON THE OFFENBURG-FREI- 
BURG (BADEN STATE) LINE. — A new type 
of Atlantic covered this 62.8 km. (39.0 
miles) section, on the 4th November 
1904, in 32 1/2 minutes, i.e. at the aver- 
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age speed of 116 km. (72.1 miles) al 
hour. As a consequence, the maximum 
authorised speed was raised to 100 km 
(62 miles) an hour and the timings re- 
vised. The Dutch express was allowed 
43 minutes to cover this section in ordi- 
nary service and when delayed (usually 
at the Basle customs), 40 minutes only. 
This entailed respective overall speeds of 
88 and 96 km. (54.7 and 59.6 miles) an 
hour. In spite of this, the Berlin-Ham- 
burg 6 daily expresses running at over 
80 km. (50 miles) an hour average speed 
retained their interest (7). But it should 
be remembered that the Berlin-Hamburg, 
Berlin-Hanover and Berlin-Halle lines 
were ideal ones for high speed running. 

Although the Baden State Rys. in turn! 
speeded up their services, they could not! 
vie with the Prussian expresses, as their 
Karlsruhe-Freiburg line, which climbe 
103 (340’) in 80 km. (50 miles), was a 
hard one. In spite of this, the timings 
of the Milan St. Gothard and Berlin ex- 
press and of the 12 daily fast and 13 


TABLE 328. 
BEST GERMAN TRAIN SPEEDS IN 1905. 
Distance. : Speed 
Administration. Roun. i. one ha Ee ae 
Km. | Miles. || SP& |km.p./Mopail 
ee eee 
Baden State. Karlsruhe-Freiburg. ab 135 83.9 1.36 84.1 | 52.3 
Do. Freiburg-Oos (Baden-Baden) 102.9 63.9 diet 87.0) |*5>4am 
Do. Offenburg-Karlsruhe . gee 44.9 0 54 80.2 | 49.8 
Do. Freiburg-Offenburg. 62.8 39.2 0.48 87.6 | 54.4 
Do. Karlsruhe-Mannheim , 60.6 31.1 0.438 84.6 | 52.6 
Do. Freiburg-Lahr 45.0 28.0 0.32 84.4 | 52.4 
Alsace-Lorr. Rys.} Strasbourg-Colmar. 65.4 40.6 0.48 81.8 | 50.8 
Saxon State Rys.| Leipzig-Riesa. 65.8 40.9 0.54 77.4 | 48.4 


(1) Leaving Hamburg at 12.32 p.m.; arrival at Wittenberge at 2.23. 
2 ar fag 2. were ‘ rer-S ¢ i ] 
va ) Ths other fast oe wert Hanover-Stendal, (Berlin) Angermunde-Stettin, also covered 
at more than 80 km. (50 miles) an hour, and Berlin-Réderau-Dresden-Neustadt. 
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iburban trains, all of which were fre- laid with 49-kgr. (98.8 lb.) per yard rails, 
uently duplicated during the summer was suitable for speeds up to 200 km. 
ason, was notable. (125 miles) an hour on the straight, but 
The speed limit having been increased speed restrictions would have had to be 
105 km. (65.3 miles) an hour the Ba- done away with, curves flattened out, su- 
trian State Rys. next took the lead when, perelevation increased, the number of 
; from the 1st June 1944, the 198.7 km. joints reduced and spaces between dis- 
[22.8 miles) of the Munich-Nuremberg tant and home signals increased. A pro- 
ne, with its 200-m. (656’) climb, were gramme remedying these defects on 22 
ered in 2h. 145 m., ie. at an average high-speed lines totalling 9270 km. 
eed of 88.3 km. (54.9 miles) an hour, (5760 miles) was drawn up and, since 
y train D 39, starting at 823 am. and 1927, ten million Rm. annually earmark- 
s relief, whose weight reached as much ed for the purpose. 

475 tonnes. The points, which previously included 
At the time, the French services were curves of 190 m. (9 1/2 chains) radius, 
e faster. Although, owing to the weight were replaced by others with 500-m. (25 
the trains, the timings had been relax- chains) radius (or in exceptional cases 


| (*), the Paris-Calais run (*), includ- 300-m, — 15 chains) whilst awaiting the 
g a 4-minute stop at Abbeville (at the minimum of 1200 m. (60 chains) which 
6th km. = 109th mile) to take water, is to be the rule for all curves. The new 


as accomplished in 1911 in 3h. 21m., standard 30-m. (98’ 5 1/8”) rail was to 
». at 89 km. (55.3 miles) an hour and be laid on 10450 km. (6493 miles) of 
e Paris-Abbeville section, at 94 km. track and, in order to increase the speed 
8.4 miles). by 5 km. (3.1 miles) an hour, the follow- 
The « Nord Express » held the French ing standards were adopted : 

ford, the 154 le (95.7 miles) arom Minimum radius. Maximum speed. 
ris to St. Quentin being covered in 4 h. 400 m. (20 chains) 100km. (62 miles) p.h. 
.m.; Express No. 197 (leaving at 7.35 600m, (30 chains) 120km. (75 miles) p-h. 
eee eee Aah mal a hm Socnegy chtoniee- dps) bx 
erage speed of 99.3 km. (64.7 miles) —} G00 m. (30 chains) 200 km, (124 miles) p.h. 
| hour, which was the fastest run in 
rope, the North Eastern Ry. running In 1932, when the high-speed diesel 
99 km. (61.5 miles) an hour from rakes were put into service, the maxi- 
wlington to York, and the Caledonian, mum speed was increased from 100 to 
98.1 km. (60.1 miles), from Forfar 120 km. (62 to 75 miles) an hour, and 


Perth to 110 km. (68.3 miles) for the FD 
trains when late. The extent to which 
PRESENT PosITION. — The 1926 track, these figures have been exceeded is a 


| (1) In baie it took 3 h. 1 m. to cover the 297.23 km. (184.7 niles) from Paris to 
alais. The Paris-Amiens section was covered at 101.6 km. (63.1 miles) an hour including 
service stop at Amiens, and the Amiens- Calais section at 96.06 km. (59.7 miles). This 
veed has not been equalled over the same route, since. , 

It was over this route and so as to do away with the service stops that the Nord Ry. 
rst investigated Ramsbottom watering troughs. The large tenders the locomotives have 
nee been provided with have enabled the Company to avoid the troughs altogether. 


(2) Leaving at 9.50 a.m. 


2010 


well-known fact, ever since the « Flying 
Hamburger » was put into service, in 
1933. 

In 1934, other tests were made, mainly 
in connection with the permanent way. 
They were carried out on the 57 km. 
(35.4 miles) Stendal-Salzwedel section of 
the Berlin-Bremen line, laid with 30-m. 
(98 5 1/8”) rails, some of which were 
welded to reduce the number of joints. 
Speeds of between 115 and 145 km. (74.5 
and 90 miles) an hour were reached. So 
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as to be able to stop trains safely whe 
running at 150 km. (93 miles) an how 
the distant signals were spaced 4 200 ir 
stead of 700 m. (1312 instead of 76 
yards) from the stop signals. 


In spite of the stupendous work r 
quired for revising the timetables a 
nually, this has actually been done sinc 
1930. The following table taken fro 
Die Reichsbahn, brings out the annu 
progress very clearly : | 


TABLE. 329. 


NUMBER OF RUNS MADE, AND TRAIN-KM. (TRAIN-MILES) COVERED AT 
DIFFERENT SPEEDS. 


LVII-2. — Apportionment of various 
kinds of traction. — Local economic con- 
ditions led the German Railways to elec- 
trify certain lines — whose present mil- 
eage is 1948 km. (1210 miles) — the 
main lines with 15 000-volt 16 2/3-cycle 
current, and the others with 800-volt. 
The latter comprise both suburban and 
mountainous district lines, where very 
high speed is unattainable. 

On the other hand, the Reichsbahn has 
put into service a number of high-speed 
diesel rakes linking up Berlin with large 
provincial towns or interconnecting the 
latter. Fast steam trains run along the 
same routes but with a different object, 
so their timings are easier. No useful 


AHO Omen At 95 km. At 90 km. j 

(62 miles) p. h. (59 miles) p. h. (56 miles) p. h, 4 

Year. Se | 
Number.|Train-km. aes Number. Train-km,| tbe Number | Train-km. a). | 

1934 — a -= —_— — — 97 60. | 
1932 — — — 2 Hae 355.4 5 6 894 4 281. 
1933 4 4 146 lea 4 1 146 TENS 30 4 504. | 2 79Seh 
1934 15 3 059 4 900.8 50 6 712 4 170.7 167 16 554 |10 284. 


purpose would therefore be served 
comparing their speed with that of 
railcars, especially as it would really hi 
been higher had no railears been oper 
ed. We shall therefore only menti 
them when it is useful to do so. 


The mileage of lines having ste 
trains, railears or both kinds of exp 
ses, is given in table 330. The total 
trains mileage is not the summing up} 
the amounts under the three headings.) 
many trains are necessarily included 
der two of the headings. 


(a) Propeller propulsion (fig. 409) 
The first tests of the vehicle built 
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‘TABLE 330. 


LENGTH OF LINES SERVED BY HIGH-SPEED ELECTRIC OR STEAM TRAINS 
AND FAST RAILCARS (1936 summer services). 


Electrie or pen <: 
Conan aoe steam trains. Railears. Both. Total. 
Administration. i rr | ae ee 
Km. Miles. | Km. Miles. Kon. Miles. Km. Miles. 
ee ce ee 
Germany. 
metcnsvann . . . 4 lito Sizidt 540.3 13 507 | 2 179.2 148) 572 (1), 44 540.3 (4) 48 572)41 540.3 
Iiibeck-Biichen . . . . 75 46.6 — | -- 18 46.6 75 46.6 
Butin-Liibeck 33 20.5 —— = 33 20e5) 33 20.5 
France. 
ORR dey ail tt cal be ets 584 362 9 428 79.5 216 171.5 988 613.9 
JSUT pa ae eee? 951 590.9 65 40.4 546 339.3 1 566 973.4 
Alsace-Lorraine. . . . 271 168.4 153 95.4 58 36.0 482 299.5 
eel Meee 2 alee | or O2T | 4. 680) O — = 1 102 684.8 4 129) 2 565.7 
OO Midt en Naeem ees || Seotol 20074 430 267.2 310 192.6 4 445) 2 557.0 
Mai ee tees ih 4. 42%, 2700.3 ||; B67 228.1 | 2 696 1 675.3 4 190) 2 603.6 
Total. . .|| 9 335] 5 800.6 |4 143 710.3 | 4 988 3099.4 |15 475) 9 615.9 
Italy. 
epi Cinwvecmnd Pye wiestuiied 162 TOL NE S55 cen 278 172.4 2 495] 41 550.4 | 
Belgium. 
Belg. Nat. Rys. Co. 
2a ’ 2 2 2 605. 
Block-trains . . (2) (?) () (?) 975 05.9 4 4641 907.7 
International. : 489 303.9 — -- 489 303.9 
Nord-Belge do.. .. . Ad 69.0 — _— 441 69.0 444 69.0 


(1) Electric or steam-locomotive-hauled expresses also run on all diesel-served German 
lines. 

(2) On a certain number of lines, some of the block-trains are worked, to the same 
timings, by diesels or by steam locomotives. , \ 

(3) This figure only includes international lines, and not those having block-trains 
as well. 


Steinits and Pfeiffer were carried out on ed the braking apparatus first and, next, 
the Reichsbahn in 1919 and led to the the best shape the vehicle should be built 
foundation, in 1924, of the Company to to. The Reichsbahn’s Leinhausen main- 
investigate Transport Technique. tenance shops turned out a new vehicle, 

The points to be investigated compris- streamlined according to the Krucken- 
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berg and Stedefeld designs. This was 
tested on the Burgweld (near Hanover )- 
Celle line. | 

It had 40 to 50 ordinary or 12 Pullman. 
seats (1). Owing to the car’s fast acce- 
leration, a speed of 100 km. (62 miles) 
an hour was reached in 66 seconds, and 
a distance of 985 m. (3 230’) and a speed 
of 150 km. (93 miles), in 2 minutes.: 
The highest speed reached during the 
tests, on the 21st June 1931, was 182 km. 
(413.1 miles) an hour, but this was not 
the maximum that could have been at- 
tained as the straight section of line was 
too short. The same car ran from Ham-: 
burg to Berlin in 1 h. 36 m. 2 s. ie. at 
an average speed of 174 km. (108.1 miles). 
an hour, with a maximum of 230 km. 
(142.9 miles), the highest speed ever 
reached on any railway. | 

In calm weather, 200 H.P. was required 
to maintain a speed of 150 km. (93 mi- 
les) an hour, with a fuel consumption 
of 20 litres per 100 km. (7.4 Br. gall 
per 100 miles). 

But the success which attended the 
trials both of diesels and steam-hauled! 
trains, switched interest into other chan- 
nels and the propeller-driven vehicle was 
temporarily abandoned. 


| RCS SL 


" 


4 


409. — The Kruckenberg propeller-driven railcar. 


(b) High-speed railcars and diesel 
rakes, — Although the actual service 
speed of railcars was progressing, the in- 
troduction, on the 15th May 1933, of the 
« Fliegende Hamburger » was a great 
step forward. It introduced as practical 
propositions, both streamlining and the 
running of ultra-high speed twin-units 
(fig. 441). It also completely broke away 
from previous methods, both by the 
length of the non-stop run (the longest 


y 


Fig. 


(1) The vehicle was 26 m. (85’ 3 5/8”) 
long; its weight emp ey was 19 tons,and its 
wheelbase 20 emi (652 (3/82 )e 
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-Fig. 410. — Gradient section of the Berlin-Hamburg line. 


in Germany) and by its high overall 
speed. The Berlin-Hamburg was, it is 
true, particularly suitable for such speed 
(fig. 410); nevertheless, careful driving 
was necessary at both ends, the loss being 
made good by covering long distances at 
155 km. (96.3 miles) an hour. 

From the outset, the service was most 
successful and averaged 56 passengers 
per trip during the first six months. The 
set completed its thousandth journey on 
the 30th April 1935, having then carried 
over 100000 passengers and worked 
322 000 train-km. (200.000 miles). It had 
been in actual service 85 % of the time, 
overhauling or repairs accounting for the 
remaining 15 %. 

On and from the 8th October 1934, the 
train was retimed, henceforward leaving 
Berlin at 11 instead of 8 am. Its place 
was taken, at the original departure time, 
by a new fast FD steam-hauled train. 

Other countries, such as Belgium, soon 
put similar rakes into service (fig. 412). 

The « Fliegende Hamburger », with its 
125.7 km. (78.4 miles) an hour, held the 
world speed record for two years but on 
the 15th May 1935 it passed to the « Flie- 
gende K6lner » [with 137.9 km. (85.7 mi- 


les) an hour from Hanover to Hamm| 
which still holds it. Since 1936, it has 
been followed by the Atchison, Topeka 
and Santa Fe’s, « Super Chief », which 
covers the 325.4 km. (202.4 miles) from 
la Junta to Dodge City in 2 h. 25 m., ie. 
at an average speed of 134.7 km. (83.7 
miles) an hour. This train, consisting of 
7 to 9 carriages weighs 550 to 700 t. and 
is hauled by a double 3.800-H.p. diesel 
locomotive. 

In the meantime, the German railways’ 
permanent way and signalling were fur- 
ther improved and pneumatic, electro- 
magnetic and hydraulic brakes investigat- 
ed so as to obtain satisfactory decelera- 
tion from a speed of 160 km. (100 miles) 
an hour. The « Fliegende Hamburger » ’s 
Knorr compressed-air brake, which acts 
by means of shoes on the wheel centres, 
stops the rake, from this speed, in 4 200 
m. (1312 yards). The electro-magnetic 
brake was since evolved so as to reduce 
this distance to 850 m. (926 yards). 

Thanks to their two 410-H.p. engines, 
the 15 new twin-units ordered from the 
Gérlits Works can reach this speed. In 
essentials, these rakes differ but little 
from their prototype, the main altera- 
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tions comprising the use of the Schar- 
fenberg automatic coupling which allows 
of multiple control and improved stream- 
lining, particularly in the lower part of 
the cars. These vehicles have also been 
lengthened by 2 m. (6 6 3/4"), so as 
to provide 81 seats in each unit. The 
first of them were used for the « Flie- 
gende Kélner » which was brought out 
on the 1st July 41935, and accomplishes, 
on its way, the fastest run in the World. 

At the same period, triple units were 
ordered as well. 

At a speed of 160 km. (100 miles) an 
hour the outer pairs of wheels take up 
to 3/4 of the total weight of the rake. 
Compared with steam locomotives, these 
vehicles have an appreciable advantage 
in that their centre of gravity is only 
1.35 m. (4 5 3/16”) above rail level, 
while that of the locomotives is at a 
height of 2.15 m. (7 5/8”). In France 
and Denmark, the stability of the stock 
has been increased by reducing by 50 % 
the conicity of the tyres, which is now 
1 in 40 instead of 1 in 20. 

Though the introduction of the twin 
diesels was an important step in the right 
direction, these rakes had a serious draw- 
back as compared with steam-hauled 
trains which allowed, when traffic de- 
manded it, of an easy increase in the 
number of available seats. For this rea- 
son, any steps taken to remedy this draw- 
back, however secondary they might ap- 
pear to be, are of importance. 

The capacity of the German diesel twin 
units is 102 seats, whereas that of an arti- 
culated steam train, such as the « Silver 
Jubilee » consisting of 7 coaches (includ- 
ing a restaurant car) is nearly 200, and 
that of a P.L.M. three-coach train (plus a 
restaurant car), 228 seats. 

First of all, diesel triplets were evolv- 
ed. This increased the number of seats 
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without any drastic changes; later, mul- 
iple unit rakes were brought into use. 

On the 15th May 1936, new services 
including an extended Berlin-Cologne 
rain serving most important Westpha- 
lian towns, were introduced; they were 
worked with diesel rakes made up of two 
twin units. The two sets were severed 
at Hamm, one of them proceeding via 
Essen and Diisseldorf, the other via the 
shorter Wuppertal route to Cologne. 

On the up journey, one of the twin- 
units is attached to the Cologne-Hamburg 
rake, as far as Hamm, where the Cologne- 
Diisseldorf rake joins it, and whence the 
two Cologne sections run solid to Berlin. 

Incidentally, it should be noted that the 
distance from Berlin to Hamm is about 
the same as that from London to New- 
castle, and that whereas the German run 
of 441 km. (274 miles) was made in 3 h. 
17 m., including a stop at Hanover, the 
432 km. (268.3 miles) of the English run 
took 4 h. 20 m. including a stop at Dar- 
lington. 

Since the 15th May 1936, the Cologne- 
Hamburg diesel service has been diverted 
from the Cologne-Wanne-Eickel-Minster 
route to the Diisseldorf Hamm one, being 
attached as far as Hamm as a multiple 
anit to the « Fliegende Kélner », This in- 
sreases the distance by 22.2 km. (13.8 mi- 
les) and 12 minutes. On the return trip, 
t follows the « Fliegende Kélner » at 
15-minute interval; 

The South of Germany diesel rake com- 
prises two sections which separate at Nu- 
remburg, one of them running to Mu- 
nich and the other to Stuttgart, the latter 
ortion saving 67 minutes on the best 
previous timings. 

Coupled multiple units have also been 
ised in Holland, triple-diesel sets work- 
ng between Utrecht, Eindhoven, etc. As 
he streamlining of the tail end was not 


Fig. 312. — Twin diesel railcar of the Belgian National Railways Company. 
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designed for this purpose, this causes 
some change in their aerodynamics but 
this is of no great importance at these 
trains’ relatively low speed. 

Longer diesel rakes are run in the U.S.A. 
The « City of Portland » consists of six 
coaches, including sleeping-cars, restau- 
rant-cars and tourist coaches, and a new 
nine-coach train has followed. The 
Union Pacific runs permanently coupled 
sets, each unit of which can be uncoupl- 
ed for repairs. As on the French Nord, 
the triplets of the Gulf, Mobile & 
Northern consist of three non-articulated 
coaches, so that if need be, any of them 
could be replaced by a spare one. 

Accelerated passenger train services as 
opposed to fast ones were introduced in 
Germany as from May 1935 in the Ruhr, 
Rhine and Main districts, as well as in 
Saxony and East Prussia. 


(c) Electric traction, — As in the case 
of steam traction, the present practice 
is the result of a series of speed tests 
stretching over a long period. 


THE HEILMANN Locomotive. — The first 
tests took place on the former Chemin de 
fer de (Ouest (France) in 1894, with the 
650-H.p. Heilmann locomotive « La Fusée 
Electrique », built by the C’* de Traction. 
It reached a speed of 108 km. (67.4 mi- 
les) an hour between Paris and Rouen. 
The C* Cail of Paris, then built two fur- 
ther locomotives; these were equipped 
with two eight-wheeled bogies and had 
double the power. The electrical equip- 
ment was in the fore, the generator in 
the rear part of the locomotives. They 
were tested at various speeds from 30 
km. (18.6 miles) upwards, between Pa- 
ris and Mantes. The weight of the 12- 
coach corridor-trains was 150 tonnes. 


1901 TESTS ON THE BERLIN-MARIENFELDE- 
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ZOSSEN MILITARY LINE. — This line wa: 
experimentally equipped with three 
phase current for motor coaches special 
ly built by Messrs. Siemens & Halske anc 
the A.E.G. (fig. 443). Although the) 
reached a speed of 120 km. (75 miles) ar 
hour, and even a maximum of 160 km 
(100 miles), they chiefly showed that i 
was essential to improve both the perma 
nent way and the rolling stock (+). The 
track was therefore relaid with 42-kgr./m 
(84.7 lb. per yard) rails and 32 kgr./m 
(64.5 Ib. per yard) check rails (instea 
of the original 32-kgr. rails), the radiu 
of curves increased to 2000 m. (6560’) 
the signals spaced further apart givin: 
a 2-km. (1.24 miles) braking distance 
and the rolling stock improved (7). 4 
very odd means of investigating the col 
lector’s behaviour was introduced : thi 
motor coach was hauled at 135 km. (8: 
miles) an hour... by a steam locomotive; 


The trials were resumed in 1903, bot 
with A.E.G. and Siemens & Halske m 
tor coaches, and a speed of 210 k 
(130.5 miles) an hour attained. 

At the same time, a Siemens & Hals 
locomotive reached 1380 km, (80.8 miles 
Finally, in 1903, the motor coaches re 
ched 200 km. (125 miles) an hour, whie 
it would seem hard to better. A two-bd 
gie Siemens locomotive, which reached | 
speed of 130 km. (80.8 miles) an hou 
was also tested successfully. Although 
was thus proved that it was possible 
run fast electric trains, the scheme lon} 
remained in abeyance. 


Single-phase current has since take 


(1) The track was laid with 32-ker./m. ( 
lb. per yard) rails; the axle load was 15 
(14.7 Engl. tons). 

(2) The six-wheeled bogie wheelbase was if 
creased from 3.50 to 5 m, (11’ 6” to 16’ 57 
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Fig. 413. — Siemens & Halske high-speed motor coach. 


» place of three-phase and in 1911, a 
scial train carrying members of the 
ichstag from Dessau to Bitterfeld, and 
uled by an electric locomotive, reached 
speed of 135 km. (84 miles) an hour. 
is speed is now, not only technically as 
1911, but also economically possible. 
After the first: electrified line was 
ened to traffic on the 15th June 1903 
ween Berlin and Lichterfelde Ost, and 
» first State line, between Berchtesga- 
1 and Konigsee on the 29th May 1910, 
‘electrification of suitable systems was 
Tied out such as that of Dessau-Mag- 
yurg (the oldest), the Silesian system 


and, largest of all, the Southern German 
(fig. 414). The Berlin, Hamburg and 
Basle (frontier) lines were also electri- 
fied. Save the latter, the Leipzig-Magde- 
burg, whose original section from Des- 
sau to Bitterfeld was electrified in 19114, 
has the easiest gradients. On the other 
hand, the Silesian system only includes 
heavily graded lines : 


Breslau-Gorlitz sss” Yee] a We, nua ea 
Niedersalzbrunn-Halbstadt . . . . Jin 67 
Ruhbank-Liebau. 1 in 100 
Lauban-Kohlfurt lin 167 
Lauban-Marklissa 1 in 143 
Hirschberg-Landshut lin 40 
Hirschberg-Strickern lin 40 
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” Fig. 414 (*). 
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— Map of German electrified lines. 


The Nuremberg-Augsburg line has been electrified since this map was drawn. 


The Baden system, still in the embryo- 
nic stage, and the Bavaria-Wurtemberg 
are also located in hilly country. The 
latter includes the 6 km. (3.7 miles) 4 in 
45 Geislingen bank (Augsburg-Stuttgart 
line) which is negociated at 67 km. (41.6 
miles) an hour, the Freilassing-Berchtes- 
gaden railway with its 5 km. (3.1 miles) 
of 1 in 25 gradients; the Munich-Gar- 
misch-Partenkirchen line with 4 in 62 
gradients, and 1 in 27 on branches. The 
system includes two important main li- 
nes, from Stuttgart to Munich-Salzburg, 
and from Munich to Nuremberg (towards 
Berlin); both are steep, and as the trains 
are heavy, the work required from the 
electric locomotives is arduous. 


(*) From The Railway Gazette. 


The 1-Co-1 (series E 04) locomotive} 
were designed for reaching 130 km. (80. 
miles) an hour. As a matter of faci 
during the 1933 trials, they reached 
speed of 142 km. (88.2 miles) an ho 
with a 309-t. (304 Engl. tons) train 
More recently, between Munich and Nu 
remberg, train D 39 with 414 coach 
weighing 665 t. (654.5 Engl. tons) empt 
and nearly 700 t. (689 Engl. tons) 1 
working order, hauled by a 1-Do-1 ele 
trie locomotive was able to easily mail 
tain a speed of 110 km. (68.3 miles) a 
hour on long level stretches, a maximu! 
speed of 142 km. (88.2 miles) an ho 
being reached. The electric locomotiv) 
work the 221-km. (137.3 miles) Stuttgar 
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nich service non stop, this being the 
gest in Europe, except for the Italian 
te Railways’ Florence-Rome and Pisa- 
me runs. 


‘d) Electric motor coaches. — Fast 
ctric motor coach services were intro- 
sed by the Reichsbahn at the same 
le as the diesel rakes, on the 15th May 
6. The Stuttgart-Ulm 193-km. (4120 
les) run is non-stop, thereafter pro- 
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ceeding to Munich and Freilassing and 
climbing beyond the 19 km. (11.8 miles) 
1 in 25 bank from Bad Reichenhall to 
Berchtesgaden. 

The 72-seater third-class observation 
coaches built in 1935 by the H. Fuchs 
Waggonfabrik Co., with glazed roofs (fig. 
415), run on the Bavarian and Wurtem- 
berg hilly lines. The current is collected 
by two pantographs and fed to two 240- 
H.P. motors carried on the bogie (+). 
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Fig. 415. — Glas-top electric motor coach. 


e) Steam locomotive traction. 
am locomotive capacity for speed has 
n gone into more systematically in 


the usual technical reasons, Germany has 
an extra incentive to do so : she has ex- 
tensive coal mines and no oil fields, 


‘many than anywhere else. Besides being in similar economic conditions, in 
(1) The leading dimensions are : 

heel diameter. OMY 0) swale (8? 8) 1S) 
zie wheelbase 3 3.600 m. and 3.000 m.(11°9 3/3”and 9’ 10 1/8”) 
stance between bogie centres s Ie yenliss sen, (alive Gee). 

eral dimensions : 

length 20.080 m. (657 9/16”). 

width 2,950 m, (9? 8 5/32”). 

height : BOO aang, (WR? is Syke), 

umber of seats . 36 and 36. 

re . 49 t. (48.2 Engl. tons). 

aight per seat 0.68 t. (0.67 Engl. ton). 
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this respect, to those of France and Bel- 
gium. As these investigations were con- 
ducted with an open mind, the data thus 
collected are valuable. Curiously enough, 
it was in connection with the « Fliegende 
Hamburger » that attention was called 
to the steam locomotive’s latent possibi- 
lities as, when the diesel rake was out 
of commission, a light three-coach train 
(one more than the diesel), hauled by a 
steam locomotive, originally built for a 
maximum speed of 120 km. (75 miles) 
an hour now covered long distances at 
140 km. (87 miles) with a maximum 
speed of 153 km. (95 miles). It is truly 
remarkable that old locomotives should 
thus have equalled, to within 12 minutes, 
the « Fliegende Hamburger »’s specta- 
cular performance. , 

This led to the designing of new loco- 
motives which included streamlining 
among their features, thus reverting to a 
practice started many years previously, 
and whose efficacy had been demons- 
trated by their diesel competitors. 


STREAMLINING. — The oldest tests, ru- 
dimentary though they were, seem to 
have been undertaken in England, in the 
forties, by the Great Western Ry.’s ins- 
pired engineer, Brunel, but they led to 
nothing. 

The first to apply streamlining on a 
large scale was the French P.L.M., in 
1894, which fitted « wind cutters » to 
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Fig. 416. — P.U.M. « wind cutter » 
locomotive, 
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the smoke box, domes, and front of the 
cab, of a number of 4-4-0 locomotive: 
and, later, to other classes as wel 
(fig. 416). 

The next step was an application 0. 
streamlining made by Frederik Uphan 
Adams in 1900, at his own expense, tc 
a complete Balttmore & Ohio R.R. trait 
(+), comprising a locomotive and five 
coaches, which he caused to be cased 11 
to within a few inches of the rails, from 
the tender to the tail where it finishec 
off in a point. All lateral projection 
were eliminated. So that even the wind 
ows should cause no wind resistance 
they were fixed and ventilation obtaine: 
by suitable air equipment. The lengt 
of the couplings was reduced to a mini 
mum and the bellows made as short am 
flat as possible. This trial train rai 
from Washington to Baltimore in 37 a 
nutes. Unfortunately, an ordinary non 
streamlined train (the « Royal Blue » 
made the same run on the same day i 
37 1/2 minutes, so the invention w 
given up in 1901 : it had come before i 
time. It is doubly remarkable that thi 
should actually have happened as long 
37 years ago and that all memory of suc’ 
a fact should have been so entirely obli 
terated. 


Soon afterwards, however, the ide 
once again crossed the Atlantic and land 
ed in Germany. In 1904, Messrs. Hen 
schel & Son, under the direction of Di 
von Wittfeld, fitted the front end of 
4-4-4 locomotive and its tender with 
streamlined casing (fig. 447), this whed 
arrangement then being used for thi 
first time. Another notable feature co 
sisted in locating the cab over the leac 
ing bogie which was brought furth 


_ (1) The work was carried out at the Mou 
Clare Shops and cost $ 8 000. j 
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Fig. 417. — Old cased-in locomotive, built by Messrs. Henschel, Kassel. 


ward for the purpose, so that the low- 
sssure cylinders had to be fitted be- 
1d the bogie instead of between the 


es. In 1912 the locomotive had its 
ing and front cab removed (') 
g. 418). 


[These locomotives were intended to 
ul rakes of 5 bogie vehicles weighing 
) t. (177 Engl. tons) at a maximum 
ed of 130 km. (80.8 miles) an hour. 


During the trials on the 23 km. (14.3 mi- 
les) of the Marienfelde-Zossen line they 
hauled six coaches weighing 224 t. (219.4 
Engl. tons) at a speed of 125 km. (77.7 
miles) an hour and on an ordinary line 
at 148 km. (73.3 miles). 4110 km. an 
hour (68.3 miles) was reached in 10 
minutes 30 seconds and the 23 km. 
covered in 16 minutes, ie. at an average 
speed of 87 km. (54.1 miles) an hour 


(1) The leading dimensions were 
rlinders — 3. 
‘ate area 
sating surface 
uler pressure. 
nder wheel 
ater capacity. 
‘el capacity 
eight. is: 
heel diameter. 
heelbase 
rigid. 

otal . 

sight 

pn working order 
udhesive. 

mmpty 


| 


diameter. 


X—4 


0.5 S063 Oia 200/182 
4.39 m2 (47.4 sq. ft.). 

259.8 m2 (2'799 ‘sage ft.)!- 

14 kgr./em2 (199 1b./sq. in.). 
OO) iy, (GY GP ays). 

20 m? (4400 Br. gall.). 

7 tons. 

About 57 t. (56 Engl, tons). 
1m, and 2:207me (37 3938/8 and. 7225/8”). 


24 SG 24 25/32”): 
9 


QUO Gry (Oy tom) 
leon, (Sue ssh), 


t. ,84.6 Engl. tons). 
32 t. (31.5 Enel. tons). 
t. (76.2 Engl. tons). 
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Fig. 418. — Old 4-4-4 Henschel locomotive as rebuilt and with casing removed. 


with a maximum speed of 128 km. (79.5 
miles). With a three-coach train weigh- 
ing 108 t. (106.4 Engl. tons) a speed 
of 137 km. an hour (85.1 miles) was 
reached. 

At 130 km. (80.8 miles) an hour, the 
indicated horse-power developed was 
1400. The streamlining was considered 
to have saved 250 to 300 Hp. (+). Later, 
this locomotive appears to have hauled 
on the Spandau-Hanover line, a 160-t. 
(157 Engl. tons) train at a maximum 
speed of 155 km. (96.3 miles) an hour. 


Since 1932, the Borsig Locomotive 
Works have carried out a series of air 
resistance tests under the guidance of 
Professor Féttinger, and more recently, 
the German State has continued them at 
the Kaiser Wilhelm Institute, of Géttin- 


gen. 


| 

The Reichsbahn next asked certs 
German builders to submit designs i 
fast locomotives to haul 250-t. (246 En: 
tons) trains at a speed of 150 km. ( 
miles) an hour. | 

To check these designs and find ( 
the heating effect of encasing the 
tion, a standard class 03 Pacific locor 
tive was cased in by Messrs. Borsig ( 
419) and it was found that the rise 
temperature in the bearings was 01 
30° C. (54° F.), while the streamlin 
of the motion saved 150 to 200 HP. 
140 km. (87 miles) an hour, correspo 
ing to an increase in power of 20 % 
the drawbar. 

Resuming their earlier investigatio: 
Messrs. Henschel designed several hig 
speed streamlined locomotives able 
compete with the diesel rakes. 

The first Henschel 4-6-4 locomotive 


(1) This locomotive consumed 3530 Ib. of coal per hour and was shown at the Louisiana 


Purchase Exhibition in 1904. 


(2) The leading dimensions are : 


‘Diameter of wheels . 2.30 m. (7° 6 9/16”). 
Back wheels. POOR Meg (42 Aenea 
Coupled wheelbase. ree(AUi iia, (hy). 

Bogie wheelbase Pao) ad, (SPD Typ lie?)\. 
Total wheelbase 2 LOOT mis (34 hay orale 


Boiler pressure. . . 20 kgr./em2 

(284 Ib./sq. ir 
Weight in service . 90 t. (88.6 Enel. tor 
Adhesive weight . . 40 t. (39.4 Engl. to 
Weight of coaches 65 t. (64.0 Engl. to 
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Fig. 419. — Borsig experimental streamlined locomotive. 
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was partly streamlined, or, more accura- 
tely, fitted with wind screens designed in 
accordance with modern principles to 
protect the smoke box, chimney, dome 
and front of the cab, and to a smaller 
extent, the front of the bogies. 

Apart from the wheels, another new 
locomotive and tender were fitted with 
a complete streamlined casing (fig. 425). 
As with the 1904 locomotive, the cab is 
over the leading bogie, but this locomo- 
tive differs from the former in that it 
runs with the firebox end foremost and 
the smokebox in the rear. 

Finally, a completely streamlined train 
has been designed, built and put into 
service between Berlin and Dresden. 

Since the German Railways showed the 
way, a number of other railways have 
followed suite. The Great Western Ry. 
(England) made some partial tests (fig. 
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420), but the results, as might have bee 
expected, were not such as to justify an 
further expenditure. 


The NETHERLANDS RAILWays investiga 
ed the question more thoroughly whe1 
in February 1936, an old 4-cylinder Ter 
Wheel locomotive was cased in (fi 
423) (1). They came to the conclusio 
that the efficacy of the streamlining wa 
little impaired if the driving axles wer 
left uncovered below the frame, so tha 
the motion was accessible (?). Althoug! 
it increased the total weight by a coupl 
of tons, the fuel saved at a speed of 10) 
km. (62 miles )an hour was estimated a 
20 7% (*). 

Early in 1935, the PL.M. Ry. Cc 
streamlined two complete trains (fig 
422), the first of which was put int! 
service between Paris and Lyons and ir 


(1) The leading dimensions are (fig. 422) 


Cylinders — diameter . 
——StrOKeu. 
Boiler pressure. 
. Grate area 


Heating surface 
Superheating surface 
Wheels, diameter . 
Do. do. 
Bogie wheelbase 
Coupled wheelbase 
Total wheelbase 
Overal dimensions 
height . 
length . 


Tender ; 
Water . 
Coal. Naot EM 
Weight in working order . 
Adhesive weight 
\Wikoleins Gumoie ge 5 4) 4 Ae seme 
Weight of tender in working order . 


ae oes Sees ; : . 
(2) The casing with the necessary inspection doors was built of rolled sections. elec- 
9) 


trically welded, the plates being riveted, 


(3) With a dynamometer-car and brake yan, at 100 km. (62 mi 
: 1 a ; B miles) ¢ 
with a non-streamlined locomotive, the gain was 120 = with Sie 


sion into the cylinders. 


400mm. aia) 3/4) 

660 mm. (26’’). 

12 kgr./em2 (170 lb./sq. in). 
2.84 m2 (30.6 sq. ft.). 
145 m2 (1561 sq. ft.). 
41 m2 (441 sq. ft.). 
0.930 m. (37 5/8”). 

12850) an) (Gael) eee 
2100 mn(6 = LOM Gaye 
42.00 mel Sa Oe Sota 
8.650 m. (28’ 4 35/64’). 


4.407 m. (14? 5 1/2”). 
18.980 m. (62? 3 9/32”). 


18 m8 (3960 Br. gall.). 
6 tons. 

75 t. (73.8 Engl. tons). 
49.5 t. (48.7 Enel. tons). 
69 t. (67.9 Engl. tons). 
44 t. (13.3 Engl. tons), 


20 p. ec. constant admis 
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Fig. 421. — P.L.M. streamlined locomotive. 


Fig. 422, — P.L.M. Rys. streamlined steam train. 


luded at first a compound Atlantic loco- new 30 m? (6600 Br. gall.) capacity ten- 
notive (fig. 421), 29 years old (1), with a der and three coaches, to which an /nter- 


(1) Here are some of the leading dimensions of this locomotive 
Overall dimensions 


HOM GS ed oo, oe eo) 8) Be oe oe PI i, SEO) Gone (GH Ge a Beware Kae 
idt ae © 1s at eee eee Mone tors - P2050 ma Om8 nb 3278) 
Pninever .Ofmwicelsa eee ce are ee 2) Im (67.6n3/4-2)), 
Wheelbase : 
Ci Hat a nr eee eo |) 6) 2.0m (CeO 43/6423) 
TOUC ee) 1s eee eer ce Se ee 9 5° 8°08 mae (26672): 
Weight : 
ie Wonk Condemns Ly ee Oso um (ie) Linols GOns), 
aglinesines ea. eo Son wee we no 6 fo SOG wy (OW) damvelh ionaten 
Rend CuAe sy eee re el. | OSLO LAn(Gnese mol, tons) 
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Fig, 423. — Dutch 4-6-0 cased-in locomotive. 


national Sleeping-Car Company restau- 
rant-car was afterwards added. 

The weight of the train was thereby 
increased from 146 to 201 t., (143.7 to 
196.9 Engl. tons), for 228 seats, as fol- 
lows : 48 first class, 144 second class and 
36 in the restaurant-car (*). With three 


(1) The first coach was 23.37 m. (76° 8”) 
long overall; the second 22.50 m. (73? 10”). 
The outside width wad 2.90 m. (9’ 6 5/32”), 
the height 4.116 m. (13’ 6”). 


Bogie wheelbase . 
Distance between bogie 
centres 


: 15.490 m. (50’ 10”). 
Diameter of wheels. 


O22 mae (Sealy Ace 


PN roa, (ie Ze 1/1?) 


coaches and the non-streamlined dyna 
mometer car, the power required to maint 
tain a speed of 140 km. (87 miles) 
hour was 550 H.p. with a streamlined lo 
comotive, and 650 with an ordinary on 
This train, which replaced a Bugatti set 
was timed at 120 km. (75 miles) an hour 
whereas the railcar had been timed aj 
140 km, (87 miles). The locomotive onli 
took water at Laroche. It has since beell 
running from Paris as far as Marsei 
les. 

Further streamlining has been carrie! 
out by a number of Railway Companies 
the French Nord, State, P.O. and Alsacé 


ro) 
a 
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Lorraine Ry. Cos. the Hungarian State 
Rys., etc, and also several Railways in 
Janada, the United States, Australia and 
South “Africa, as well as in Japan and 
Manchukuo. 


‘ 
wag ---- 
' 
' 


A SS 


LVII-3. — Fast steam services. — The 
esults obtained during the trials were 
jut into daily practice and average speeds 
vave been gradually increased on a num- 
ver of lines. 


' 
{ 
! 
! 
i 
! 
! 
| 
1 
1 
1 
\ 
i 
| 


a) Beriin-HamBurG LINE. — The first- 
tra fast trains were run on the Berlin- 
lamburg line when the « Fliegende Ham- 
urger » was out of service for repairs or 
verhauling. On such occasions, an FD 
rain took its place to a slightly easier 
iming. Apart from this, another FD 
rain (No. 23/24) runs between Ham- 
urg and Berlin in 2 h. 25 m. on the 
own and 2 h. 24 m. on the up journey. 
t usually has 4 coaches and a non- 
treamlined dining car, and weighs 210 

(207 Engl. tons). One of the two 
treamlined high-speed Borsig locomoti- 
es, built by this firm in conjunction 
ith the Reichsbahn’s engineers, heads it. 

These 4-8-4 class 05 locomotives with 4 
nd 6-wheel tender bogies (fig. 424) 
ere to haul 5-coach trains weighing 
30 t. (246 Engl. tons) with a seating 
pacity of 250 to 300 passengers at a 
seed of 150 km. (93 miles) an hour, 
hich might be increased to 4175 km. 
108.7 miles) an hour when developping 
500 to 3000 up. They are three-cylin- 
2r simple-expansion locomotives with a 
jiler pressure of 20 kgr./em’ (284 
./sq. in. (steam temperature 410° C. = 
0° F.) and driving wheels 2.30 m. 
” 6 9/16”) in diameter (*). 

Owing to quick acceleration, they reach 
speed of 170 km. (105.6 miles) an hour 
.8 or 9 minutes, only 1 or 2 minutes 


RSI IF KIO NR AIS ISIC IEE Ok 


Saute ae 


1300 


Streamlined 4-6-4 locomotive built by the Borsig Works. 


-ette, London. 


(*) From The Railway Ga 


(1) See footnote on following page. 
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more than the diesels or electric trains. 
Over the first 17 km, (10.6 miles) they 
take but 2 or 3 minutes more than if they 
were running at full speed. 

During the tests, in the first quarter 
of 1935, the two Borsig locomotives 
reached speeds of 181 km. (112.5 miles) 
an hour on the Berlin-Hamburg line and 
192 km. (119.3 miles) an hour on the 
Berlin-Magdeburg line. With a light 
train they could work to the same tim- 
ings as the diesels. This occurred on the 
journey made by members of the Insti- 
tution of Locomotive Engineers between 
Berlin and Hamburg (fig. 410). In spite 
of several stops and speed restrictions, 
the locomotive maintained over more 
than 400 km. (250 miles) (outward and 
return runs combined) an average speed 
exceeding 146 km. (90.7 miles) an hour 
with a maximum of 178 km. (110.6 mi- 
les). Had there been no speed restric- 
tions the total time would have been 2 h. 
13 m., which is 4 minutes less than the 
« Fliegende Hamburger ». 

On the 30th May 1936, with three 
coaches weighing in all 400 t. (394 Engl. 
tons), a special train maintained over a 
considerable distance a speed of 160 km. 
(100 miles) with a maximum of 184 km. 
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(114.3 miles). The train was stoppe 
from a speed of 100 miles an hour u 
1400 m. (1530 yards). Inversely it tool 
2m. 18 s. to cover 1800 m. (11.2. miles 
and the next kilometres were covered suc 
cessively in 37, 34.6, 34.6, 28, 27 and 2 
seconds. A speed of 96 km. (59.65 miles 
an hour, was reached after 2.5 km. (4.5: 
miles) had been run; 114 km. (70.8 mi 
les) after 3.2 km. (2.0 miles), 128.8 km 
(80 miles) after 6.4 km. (4 miles) ane 
155 km. (96.3 miles), in 7 m. 52s. A 
a speed of 150 km. (93 miles), an hour 
the streamlining was estimated to hay 
saved 20 % in power. 

An alternative to the original schem. 
consisted in the use of pulverised coal 
the first high-speed locomotive built t: 
burn this fuel has just been deliverec 
Reverting to the ideas of 1904, its hogii 
carries the cab. : 


THE DrespEN-BERLIN LINE. — Among 
the innovations that came into force wit 
the introduction of the 15th May 193) 
timetables, appeared the first really fad 
Berlin-Dresden expresses. These we 
Henschel-Wegmann trains with Schay 
fenberg couplings. Like the 
tender locomotives on the 


(1) The leading dimensions are : 
Cylinders: 
diameter . 
stroke . 
Boiler pressure. 
Grate area . . 
Heating surface 
Superheating surface 
Diameter of wheels . 

Do. bee ie 
Weight in working order . 
Adhesive weight . 

Tender weight . 
Fuel capacity . 
Water capacity 
Wheelbase : 

rigid. 

total. 

bogie. 


450 mm. (17 11/16’). 

660 mm, (267). 

20 ker./em2 (284 Ib. Hie il )is 

4.7 m2 (50.5 sq. ft.). 

256 m2 (275 sq. ft.). 

90 m2 (969 sq. ft.). 

2.30 m. (7 6 9/16”). 

UOMO) sah, (eH 76 yA) 

126.7 t. (124.7 Enel. tons). 
56.3 t. (55.4 Enel. tons). 

57.6 t. (56.7 Engl. tons). 

10 tons. 

37 m3 (8 140 Br, gall.). 


2-10 m. (167 8 15/327). 
13.90 m. (45’ 7 43/647’), 
2.30 and 2.0 m. (7’ 6 9/16” and 6’ 6 3/4”). 
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Fig. 425. — Streamlined 4-6-4 tank locomotive built by Messrs. Henschel. 


line, the tank engines on the Dres- 
den line have a 4-6-4 wheel arrange- 
ment (1) (fig. 425), but, as we have al- 
ready pointed out, a tank engine and a 
tender locomotive differ essentially as, 
owing to the presence of the cab and 
bunkers, the tank engine should be liken- 
ed to a 46-0 and not to a 4-6-4 tender 


locomotive. In the case under considera- 
tion, the tender locomotive’s firebox is 
over the trailing bogie, while the tank en- 
gine’s is over the third pair of drivers. 

The two 4-6-5-T class 61 Henschel loco- 
motives haul four light 30 to 32-t. (29.5 
to 31.5 Engl. tons) vehicles, at a speed 
of 160 to 170 km. (100 to 106 miles) an 


(1) Leading dimensions : 
Cylinders : 

bore. 

stroke 
Boiler pressure. 
Grate area 
Heating surface 
Superheating surface 
Wheels, diameter . 

Do. 

Wheelbase 

coupled 

total. 

bogie . . 
Fuel capacity 
Water capacity. 
Weight : 

in working order 

adhesive 

empty 


460 mm. (18 1/8’). 

750, mam. (2951/2). 

20 ker./em2 (284 lb./sq. in.). 
2:75 m2 (29.6) sq. ft:). 

151.9 m2 (1635 sq. ft-)- 


69.2 m2 (745 sq. ft.). 
OE) sank, (7 @ By Me). 
1) saa, W837 BYVAL) 


lt) wt, (Ge 8) yever 
ENS; aan, (CP a) 

DIS Pama iie som aaa 

5 tons. 

16.5 m3 (3 630 Br. gall.). 


. (126.3 Engl. tons). 
(54.7 Engl. tons). 
. (98.1 Engl. tons). 
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hour and run through curves of 180 m. 
(9 chains) radius. They are more or 
less symmetrically streamlined so as to 
run both ways at the same speed. It 
should also be noted that the running of 
this train puts an end to the old conten- 
tion that tank engines are less steady at 
high speeds than are tender locomotives. 

Until more precise results have been 
obtained in practice more especially con- 
cerning working costs, the services have 
not been speeded up further, although 
they certainly could. 


LVII-4. — Fastest runs. — As high 
speeds are very general in Germany, 
apart from the average speeds reached, 
including stops, over the whole of the 
journey, we shall only quote sections of 
line having trains whose overall speed 
reaches at least 95 km. (59 miles) an 
hour and, in the case of diesels, 100 km. 
(62 miles). Even so, the tables are im- 
pressive. 


The cartogram (fig. 426) shows all 
D train lines with highest average speed; 
it completes table 331 which also includes 
average speeds under 95 km. (59 miles) 
an hour. 

Thanks to her diesels, Germany holds 
the World speed record. As regards 
steam traction, the Berlin and Hamburg 
train is beaten by 1/3 km. (0.2 mile) 
per hour only, by the Pennsylvania Rail- 
road « Detroit Arrow », whose overall 
speed from Fort Mayne to Garry (4198 
km. = 123 miles) is 119.9 km. (74.5 mi- 
les) an hour, instead of the 119.6 km. 
(74.5 miles of the German train. 


LVH-5. — Long non-stop runs. — 
Though Germany has only recently en- 
deavoured to speed up her train services, 
she has for a long time been extending 
her non-stop runs. In May 1900 the 
longest German non-stop run oceurred 
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from Munich to Nuremberg (199 km. = 
123.7 miles); it was then made in 
50 m., ie. at a speed of 70.1 km. 
miles) an hour. 

In May 1905 the record passed to the 
Prussian State Rys., over the 254 km. 
(157.8 miles) from Berlin to Hanover, 
but there was a two-minute service stop 
at Oebisfelde, which divided the run into 
two sections of 166 and 88 km. (103.1 
and 54.7 miles) respectively. So as to 
avoid stopping, careful investigation of 
the London and North Western Ramsbot- 
tom troughs which a number of other 
railways were using, was made (') They 
were rejected in favour of larger 20 to 
31 m*? (4400 to 6820 Br. gall.) capacity 
tenders and water-saving Schmidt super- 
heaters. These new tenders, introduced 
in 1909, enabled the locomotives to ac- 
complish the entire run non-stop. 

Since May 1941, further non-stop runs, 
each longer than the Berlin-Hanover, 
were introduced : 
Berlin-Hambure . 286 km. (177.7 miles). 

( 


iihoit 
Berlin-Liegnitz 287 km. (178.3 miles). 


Care must, however, be taken in the 
consideration of non-stop runs and above 
all, when comparing them with each 
other. 

For example, the Swiss timetables for 
the 1931 summer shew train No. 487 as 
leaving Bellinzona at 7.54 p.m. and arriv- 
ing at Lucerne 3 h. 26 m. later without 
having made any intermediate stop. Ac- 
tually, a 4-minute stop occurred at Biasca 
and another, of 5 minutes duration, at 
Airolo; on the return journey (train No. 
488) there was a 6-minute stop at Erst- 
feld to change locomotives, a 5-minute 
one at Géschenen to take water, and a 


(1) They were tried in France, on the State 
Rys.. the Nord and the P.L.M., and in the 
United States, on the New York Central, the 
Pennsylvania, ete. 


Pe Si. 
(43.6 — 
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TABLES ool: 


THE FASTEST GERMAN TRAIN RUNS. 


(We have quoted all the sections of line run over non-stop at an overall speed 
exceeding 100 km. (62 miles) an hour. 


N,N  —————qqqaeauanaeaeEeEeaeEEaEEaEeEeEEe | 


Dee Time of Time sysctl 
Run. Se — Trains 
Kim 4} Miloast) MP 2TE Se: 9) SPUN ees vi Map 
Lr ere ere eee ee nnn Eee 

Berlin Lehrter Bhf.-Hamburg .| 287 |178.3 6.15 p.m.| 2.24 | 119.6) 74.8 | FD 24 
Berlin Anh.-Dresden-Neustadt. | 4176 |409.4 |IR 9.87a.m.| 1.85 | 111.0) 69.0 | D 53 
(Berlin) Postdam-Magdeburg .} 446 | 72.4 8.17 a. m.| 1.06 | 105.5) 65.6 D 178 
(Berlin Schl.) Kiistrin- Neu- 

stadt-Schneidemiihl, . . .]| 464 |100.0 ||R 7.44p.m.] 1.32 | 105.0) 65.3 D 44 
Berlin-Anhalt-Halle . . . 462 |100.7 || 10.385a. m.| 1.83 | 104.5) 64.9 | FD 80 
(Berlin Schl.) Schneidemtih1- 

Konitz f 83 | 54.6 |IR11.28a.m.| 0.48 | 103.8] 64.4 D 16 
(Berlin Schl.) Oppeln-Brieg 3 Asa cone) 9.23 a.m.| 0.24 | 102.5) 63.7 D 32 
(Hamburg) Harburg-Bremen . 104 | 64.6 |IR 1.51 p.m.} 1.01 | 102.3) 63.6 D 241 
Berlin Anhalt- Leipzig. : 465 |402.5 |IR 7.18 p.m.| 1.37 | 102.1] 68.4 | &D 5 
(Berlin Zoo.) Minden- Bielefeld 46 | 28 6 |IR 1.10 a.m.! 0.27 | 102.1] 63.4 D 9 
( Do. ) Hanover-Hamm.]| 177 |4110.0 6.38 p.m.| 1.45 | 101 2) 62.9 ED) eee 
( Do. ) Spandau-Stendal 93 | 57.8 9.55a.m.| 0.54 | 101.1] 62.8 D 2 
(Berlin Schl.) Liegnitz-Breslau 65 | 40.4 |IR 6.00a. m.| 0.39 | 100.0} 62.1 D 1448 

ELECTRIC TRACTION, 
(Stuttgart) Ulm-Augsburg. . 86 | 53.4 0.46 | 112.2) 69.7 FDt 723 
(Bo) pi omg ae 62 | 38.5 |R 7.00a. m.| 0.33 | 112.1] 69.6 | FDe 720 
Breslau-Konigszelt . . . . 49 | 30.4 9.11a.m.| 0.27 | 108.9) 67:7 | D ~ 4192 

(Berlin Anh.) Nuremberg- 

Augsburs 9) G2 © — © |) ddd |S8b Rel 44 pom. el cO ne 102 Sie Gaconl ee Omme LO 

DIESEL RAILCARS. 
(Berlin Zoo) Hanover-Hamm .| (77 |4140.0 |IR 8.44a.m.| 1.20 | 187.9! 85.7 FDt 415 
Berlin Zoo-Hanover . . . -}| 254 /457.8 7.22 p.m.| 1.56 | 131.4) 81.6 FDt 146 
eee ees pee ae 165 |102.5 |[R 10.80a. m.| 1.16 | 180.3) 81.0 | FDe 5741 

erlin Lehrter Bhf.-Hambur 9 
Berlin Schl.-Sagan-Sorau- atic eos B206 yom) 2 Lar aS TO ae Ee ee 

lau... Wh © «| 841 1210-951, BS Sip. male ees0e 124. 2)N77 oer prea 
Hamburg- Bremen. oe Sl Sse) @-51 p.m.) 0258 | 12321) 76.5") FD 38 
(Berlin)- Breslau-Oppeln . .| 82 | 51.0) 11:18p.m.| 0-41 | 120.0| 74.6 | FDe 45 
Hamburg-Bremen (Cologne) .} 445 | 741.5 7.01 p.m-|.0. 58") 118.9) 73.95) spe 38 
(Hamburg) Bremen-Osnabriick 422 | 75.8 |IR 9.388a.m.| 1.02 | 118.1! 73.4 ine 
Poe re een : At | 25.51] 11.55 p.m.) 0.21 | 11721) 72.8 Do 

0. eydebreck-Gleiwitz . 37 7 : 5 100) UE 
(Berlin) Nuremberg-Treucht. 23.0 || 12.17a.m.; 0.19 | 116.8) 72.6 Do 
funich . . JOOR A Zama 9.58 p.m.| 1.44 
(Hamburg) Osnabriick-Miinster 50 | 314.4 9 bd p. m.| 0.27 it i 69.0 Dt ee 
(Berlin) Erfurt-Frankfort/M. .| 269 |467.2 9.00 p.m.| 2.27 | 109.8] 68.2 | FDe 572 
( Do.) Hamm-Dortmund . . Syl | ste) & 10.40 p.m.| 0.17 | 109.4) 68.0 | FDe 16 
( TDYe, 3} Weissenfels-Erfurt P Ow anes 9.13 p.m.! 0.45 | 101.3) 62.9 FDt 572 
( Do. ) Miinster-Hamm. . . 35 | 24.7 || 10.22 p.m.| 0.21 | 100.0) 62.1 | FDe 38 
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irther 2-minute stop at Biasca to change 
le engine crew ('). 
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In 1912, the various Administrations 
improved their services (See table 332). 


332. 


LONG NON-STOP RUNS MADE IN 1912. 


ADMINISTRATION Run. 


Prussian State Rys. . Berlin-Hambure. 
Bavarian State Rys. . 
Mecklemburg St. Rys. 


Alsace and Palatinate 


Munich-Wiirzbure . 
Rostock-Liibeck. 


Prussian and Bavarian 
State Rys. 


Some of these included service stops. 
hus on the Halle-Nuremberg run of the 
erlin-Munich FD trains, a banking lo- 
omotive was added over the Probstzella- 
othenkirchen section, causing the down 
ains to stop at Probstzella (318.5 km. 
= 197.9 miles from Berlin) and the up 
ains, at Rothenkirchen (343.9 km. or 
13.7 miles). 

The Nuremberg-Stuttgart run was si- 
larly broken into at Crailsheim for 
ignalling purposes. 

In the same way, the Schneidemithl- 
larienburg run, during which the Polish 
orridor is traversed, has frontier service 
‘ops at Konitz and at Dirschau, so as to 


Ludwigshafen-Strasbourg . 


Nuremberg-Halle (2). 


Distance, a) g Speed. 
SS s& — 
oO 
Km Miles. || & & |Km./h,|M. p.h. 
286.8 78.2 || 3.14 | 88.7 | 55.4 
PTs! Pere NN artsy | feloat |) 5%: 
133.2 82.8 |) 1.57 | 68 3 | 42.4 
429.9 SOR i eAaOn |. Wi. 9n | 45.4 
313.9 195.0 || 4.31 | 69.5 | 43.2 


allow the substitution of Polish for Ger- 
man locomotives. 

In the first column of table 333, where 
we give the departure station, we have 
added brackets, when the journey ac- 
tually begins elsewhere. It is thus possi- 
ble to see at a glance where the journey 
occurs, and whether the run is part of a 
radiating or a cross-country service. 


LVII-6. — Conclusions. — To sum up, 
table 334 gives the mileage of lines co- 
vered by the fastest trains, at various 
average speeds. With her 2681 km. 
(1 669 miles) run over at speeds exceed- 
ing 100 km. (62 miles) an hour, Germany 


(1) This is due to the 1 in 40 to 1 in 37 gradients between Erstfeld and Géschenen, which 
could only be negotiated single headed at a speed of 29 km. (18 miles) an hour, increased 


to 45.6 km. (28.3 miles) between Biasca and 
first section and a second at Biasca. 


Airolo; a service stop was inserted on the 


When the Erstfeld-Bellinzona run is worked by the same gradient locomotive, there 
are two intermediate service stops, one at Géschenen to take water, and the other at 


Biasca to change the engine crew. 


Actually the longest non-stop section of the run was the 105.1 km. (65.3 miles) one 
from Airolo to Lucerne; the train left at 7.54 p.m. and took 2 hours for the journey, 
which it accomplished at an average speed of 49 km. (30.4 miles) an hour. ‘ 

For some years, the « Riviera Express » has run non-stop from Basle to Bellinzona, 


263 km. (163 miles). 


Since the 22nd May 1937, it has been diverted from the Basle— 
-Olten 


Aarau—Rothkreuz—Arth-Goldau route, 


Olten—Lucerne—Arth-Goldau to the Basle 


which shortens the distance by 8 km. (5 miles). 


(2) Since Ist June 1912. 


No service stops are included. 
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TABLE Gest 


LONGEST NON-STOP RUNS (OVER 150 KM. = 93 MILES). 
a 


Distance. Time Time Speed. 
Run. — nc ec Train 
Km, | Miles. a departure. | spent. | im /b,/M.p.h. 
Steam traction. 
(Berlin Anhalt) Halle-Nuremberg B14 dO pe 42.145 p.m.| 4.00 | 78.5 | 48 8 | FD 80 
Berlin Lehrter Bhf.Hambure . . . | 287 (178.3 6.415 :p.m.| <2) 24 M4976) | 143 De 
Munich-Wiirzburg (Frankfort). . .f <7/ |172.4 9.20a.m.| 3 03 | 90.8 | 56.4 | FD 263 
(Berlin) Erfurt-Frankfort/M. . . . | 264 164.0 |R 2.40p.m. 3200) | 88. OR esse 
Berlin Zoo-Hanover (Cologne) . . 254 |157.8 3.58 p. m.| 2.83 | 99.6 | 61.9 | FD 22 
(Berlin Schl.) Schneidemiihl- Marien- 
burg. ; 5 on od) UBC) e380 7.31 p.m.| 2.28 | 80.4 | 50.0/D 15 
Cologne in -Mayence (Basle) ; 186 115.6 12.05 p. m.| 2 06 | 88.6 | 55.4 | FD 102 (Rhe 
Cologne R.B.-Wiesbaden (Frankft/M. ) 185(1) 115.0 IR 2.54a.m.| 2 24 | 71.8 | 446 | L 5A (Osten 
(Berlin Anh.) Hof-Ratisbon. . . 479 |441 2 || 42.50 p.m.] 2.41 | 66.6 | 41.4 | D_ 322 | 
(Berlin Zoo) Hanover-Hamm . . Ai ARO) 6.38 p.m 4.45) (404.2 | 162.9 | BLD 322 | 
Berlin -Anh.-Elsterwerda-Dresden N,| 176 |109.4 IR 9.37a.m.| 1.35 |444.0 | 69.0) D 53 | 
Hambure-Lehrte (Frankfort) . . . {4165 {102.5 |/R Grakeonn,) vena fe ee vite) ga) aiehl 
Berlin-Anhalt- -Leipzig . . 7. . 9 165 |402.5 [IR MeASipemezlel so s/t 2d Os 4a) Lee | 
Berlin Anh.-Halle (Munich) See belG2 OORT 40.385a.m.| 1.83 |104.5 | 64.9 | FD 80 | 
(Berlin Schl.) Kiistrin N. (Scheide- 
miihl) . ee SAG BOO NO RE 44 perma ede a OSORIO tm emma 
(Berlin Anh, ) Erfurt-Schweinfurt. . } 458 | 98.2 || 12.49p.m.| 2 26 | 64.9 | 40.8 ;D 40 | 
Munich-lnmenstadt. . Wie 4 va Hos | 95.4 IR 6 45 p.m.| 2.00 | 76.5 | 47.5 |D 178 
(Stuttgart) Nurembere- Eeer . . , |p 454 | 93.8 IR 7.52 p.m.|°2.04 | 73.0 | 45.4 | £2 106Kark 
Electric traction. 
(Strasbourg) Stuttgart-Munich . .] 224 /4187.3 ||[R410.10 p.m. 47 | 79.4 | 49.3. |L 6 Orien 
(Strasbourg) Munich-Salzburg. . . | 453 | 95.4 8.87a.m.| 1.52 | $1.9 | 50.9/25 Orig 
Diesel railcars. 
| 
Berlin Schl.-Sagan-Sorau-Breslau . . | 341 241.9 8.31 p.m.| 2.39 |124 2 | 77.2 | FDé 45 
(Berlin Anh.) Leipzig-Nuremberg. . | 322 |200.4 6.27 p.m.| 3.25 | 94.2 | 58.5 |#Dz 552 
Berlin Lehrter-Hamburge .. ee foun aoe OLS (O EE MsiereoilTl ulead | JON 
(Berlin Anh.) Erfurt-Fr -ankfort 5 NH ORY AST Ae S100ipamy 2 MOSES a C8a2 aap tote 
Berlin Zoo-Hanover (Cologne) . . . | 254 |157.8 7,22 p.m 56 1431.4 | 81.6 | FD¢ 1416 
(Berlin Anh.) Nuremberg-Munich . | 199 [123.7 9.58 p.m.| 1.44 4438.8 | 10.7 |#DéE552 
(Saarbriicken) Treves-Cologne. . .| 180 |141.9 8.21a m| 2.36 | 69.3 | 43.4 |# 154 Em 
(Berlin Zoo) Hanover-Hamm . . . | 177 1410.0 |IR 8.44a.m.| 1.20 1137.9 | 85.7 | PD¢ 415 
Berlin Anh.-Leipzig (Munich) . . . | 4165 /|4102.5 5.06 p.m.) 1.47 128.5 | 79.9 |FDt552 
(1) With service stops. 


holds the first place in Europe and the according to methods of traction nece 
second in the World, for high-speed run- sarily includes some of the runs twi 
ning, only the United States having a over; the grand total cannot therefor 
greater mileage. be obtained, by simply adding them u 

Table 331 showing the highest speeds It is a noteworthy fact that over 22 
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1. (1 367.3 miles) of lines are operated 
diesels at over 100 km. (62 miles) an 
ur and only 148 km. ($2 miles) lie to 
2 credit of electrie traction which, of 
urse, is mostly used in hilly districts. 
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beyond. This is easily accounted for. 
When it becomes desirable to increase 
speed on lines lying between the 80 and 
90 km. (50 and 56 miles) limits, consi- 
derable improvement is made and the 


Most of the fast lines are worked at an 
erage speed of 60 to 90 km. (37.3 to 56 
Jes) an hour, those between 70 and 80 
1. (43.5 and 50 miles) being fewer 
an those between 80 and 90 (50 and 

miles). As elsewhere, the mileage 
rked at 90 to 100 km. (56 to 62 miles) 

hour is considerably less, this de- 


intermediate stage passed over. 

In the future the position seems likely 
to be 

a) a large mileage of lines with speeds 
between 60 and 70 km. (37.3 and 43.5 
miles) ; 


b) another of fast trains between 80 


“ase being more marked still between ®4 90 km. (50 and 56 miles) ; 
and 100 km. (59 and 62 miles), c) and one of ultra-fast trains, at over 
lereas the mileage increases rapidly 100 km. (62 miles) an hour. 


TABLE 334. 
LENGTH OF GERMAN LINES RUN OVER AT VARIOUS OVERALL SPEEDS 
by the fastest trains worked over them. 


Percentage of 


SPEED. Extent, in kilometres (in miles), of lines run over by ue 

Km. (Miles) p- h. FD, or D trains. E trains (1). Together. G3 Bee ey 

ee ee 
OO (S1.D) ss 98 (60.9) 329 (204.4) 427 (265.3) 0.8 
to 69.9 (37.5 to 43.4) 4895 (3041.6); 1801 (1119.1) | 6696 (4160.7) 12.4 
to 79.9 (43.5 to 49.9) 3829 (2379.3) 925 (574.8) | 4754 (2 954.1) 8.6 
to 89.9 (50.0 to 55.9) .|| 5645 (3 395.8) 32 (19.9) 09677 (3 527.7) 10°5 
to 94.9 (56.0 to 58.9) 880 (546.8) 115 (71.5) 995 (618.3) 1.6 
to 99.9 (59 to 61.9). 662 (411.4) 662 (411.4) 452 
to 109.9 (62 to 68.4). 487 (302.6) 487 (302.6) 0.9 
to 119.9 (68.5 to 74.9) . 888 (551.8) 888 (551.8) io 
fo 129.9 (75.0 to 80.9) 875 (543.7) 875 (543.7) 1.6 
to 139.9 (81.0 to 86.9) 431 (267.8) 431 (267.8) 0.9 
Total. 18 690 (11 631.7) | 3202 (1989.7) | 21892 (13 603-4) 40.4 
fo 689.9 (37.5 to 55.9) 1114369 (9096.4) | 2758 (1713.8) | 17127 (10 642.2) 31.8 
100 (62) 2681 (1 665.9) 2681 (1 665.9) 0) 


(1) In this column we show the mileage of lines run over by H trains but not D or 
) trains. There are also # trains on the lines whose mileage is shown in the previous 
lumn (PD and FD trains) but their speed is lower than that of the D trains in nearly 
ery case, and the mileage remains the same even when this is not so, the only excep- 
m in this group being the 115 km. (71.5 miles) of the Berlin-Gorlitz line, on which the 
gher speed of the # trains makes it pass from the 80 to 89.9 km, (50 to 59.9 miles) 
oup (where the DP trains would put it) into the 90 to 94.5 km. (56 to 58.5 miles) , due to 
e # trains. Therefore, we have only included it in the latter column. Obviously, the 
tal is not affected thereby. 
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CHAPTER LVIII. these lakes is the Lake of Constane 
with an area of 540 km? (208.5 sq. m 
Appendix. les) (1). Its situation on the borders ¢ 


the States of Baden, Wurtemberg an 

LVII[-1. — Lake navigation, especially Bavaria on the one hand, and Austr 

on the larger lakes, is of considerable and Switzerland on the other, has cons 

importance when it completes the sys-  derably influenced the development ¢ 
tem of communication. The largest of its traffic (fig. 427). 


OQ AVUGSBYURG 


wey, fp ™ AULENDORF 2 West 
f * 


«- OBERSEE 


Radolfoe y Achawargac 


UNTER SEE 


>< ese O Zula e f 
5M Ef, SCHWE/Z p \ \ detattureh 
‘ s f > 
odin ae Wier feat [ foes 08 


Fig. 427. — Lake of Constance rail and boat services. 


Railway lines follow its shores and it first put on the Rhine, the first stee 
is possible to go from Bregenz to Radolf- packets plied between Friedrichshafj 
zell, for example, either by rail along the (Wurt.) and Rorschach (Switzerlan 
northern shore (122 km. = 75.8 miles) A Baden Co. with headquarters at Cq 
or along the southern (82 km. = 60 mi- stance followed in 1830, a Bavarian a 
les) or by water. Besides this, it has been in 1838 and a Swiss (Schaffhausen-R: 
necessary to add a certain number of schach), in 1850 (?). Each of the Sta 
cross-lake services so as to link up im- concerned soon added railways to 
portant places lying opposite each other. navigation services. In 1847, Wurte 

In 1826, ten years after steamers were berg opened its Friedrichshafen and ]) 


(1) Its greatest length, from Bregenz to  lingen. At normal water level the area of 
Ludwigshafen, is 64 km. (40 miles), and its Ubersee and the Uherlingersee is 475 
greatest width, from Rorschach to Kressborn, (183.5 sq. miles) and that of the Unte 
14 km. (8.7 miles). The maximum depth of 63.9 m2 (24.7 sq. miles). 
the Obersee is 251.8 m. (826 1/2’) between (2) Part of the information given bed 
Immenstadt and Romanshorn; that of the has been taken from Mr. Aaceies excel 
Uberlingersee 147 m. (482’), and the Untersee paper published in the Zeitung des Ve 
46.4 m. (152’), between Gaierhafen and Ber- Mittelewropiischer Hisenbahnverwaltunge 
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nsburg line which it extended in 1850 
. Stuttgart; Bavaria built a railway from 
indau to Augsburg and Munich in 1853 
1d Baden, another in 1863, as far as 
onstance. After a time, each of the 
ree States bought up the existing navi- 
ution Companies, 

In Switzerland, the Swiss North East 
y. Co. opened a line from Winterthur 
» Romanshorn in 1857, besides main- 
ining a boat service as well, but in 
364, it turned the latter over to the 
wiss Navigation Co. Not until a score 
r years later did an Austrian Naviga- 
on Co., with headquarters at Bregenz, 
art a steamer service; this was when 
ie Arlberg Railway reached the Lake of 
onstance. 

As may be noticed, all these railway 
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lines ran perpendicularly to the Lake 
and in consequence, not only had the 
boats to link them up by services run- 
ning along the shore, such as between 
Constance and Bregenz via the Swiss side 
and between Constance and Lindau, via 
the German, but they also had to give 
connections between the extremities of 
railways reaching opposite shores and to 
run cross services between Friedrichsha- 
fen and Lindau in the north, and Ror- 
schach and Romanshorn, in the south. 
An agreement signed in 1885 between the 
Swiss North East Rys. Co. and the Bava- 
rian State Ry. Administration gave the 
Lindau-Romanshorn line to the latter 
and retained the former as a joint ser- 
vice. 

The development of the railway system 


TABLE SOs 


LAKE OF CONSTANCE (BODENSEE) PASSENGER BOAT SERVICES. 
Non-stop trips are shown in heavy type. 
Distance Time Te E a el 
RUN. Se t.| £2 ss 
? departure, | SPemt-| 5 

Km. | Miles. DEMURE 7, |Kin./h.|M.p.h. 

nee-Friedrichshafen- Bodensee- 
Bregenz. | 59.5 | 37.0 Be, way!) Bj. 9 10 1625 tORs schiffahrt. 

tance-Meersbure . . .{ 8.0} 50 : Decay |i nae 4 dad yeas) i 

Boure-Lindau . . 9. -.| 47.3) 10-8 6.40 a.m.| 2.30 8 6.9 | 4.3 

miBregenz . . . . -) @.0 | 4.41]) 8.50a.m.) 0.20 21 0 | 18 0 

CROSSINGS. 

chshafen-Romanshorn .{ 12.0 | 7.5 §.25a.m.| 0.40 18.0 | 11.2 

ichshafen-Rorschach . . | 20.8 | 12.9 aria, ame) | 41 (05) 1 MDs i als 8) 

-Romanshorn . . . . | 23.0 | 14.3 || 12.380p.m.} 1.08 20.0 | 12.4 

ERorschach . . . . = | 21-0) 43.0 )R 9.40.a,m.}) 4.07 & sere || slilag/ 

Do. Do 12.15 p. m.| 0.55 22.9 | 14.2 
shorn-Rorschach MA | Beal 2.52 p.m.| 0.50 2 | 146.8 | 10.4 |Swiss Federal Rys. 
nee-Ludwigshafen . Sone cOLO 4.35 p.m.| 1.25 8 2304 t4e Reichsbahn. 
tance-Dingelsdorf . 30.0 | 18.6 8.05a.m.| 1.40 Si) ale) alah 2 Do. 
tance-Uberlingen 2ORAL maze 4.30a.m.| 0.50 | 24 5 | 15.2 Do. 

-Reichenau 36.0 | 22.4 5.05 p 2.30 3 14.4 8.9 Swiss Co. 
iii Do. Do. |R10.55a.m.| 4.45 PaecOn Ou lad 22.8 Do. 
iau-Constance . TRO > ted 3.00 p 0.40 18.0 | 11.2 Do. 
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completely altered traffic conditions and 
had a particularly harmful effect on the 
longitudinal boat services. In 1872, the 
Bregenz-Lindau railway was completed, 
and in 1895, that on the south shore 
reached Constance and Schaffhausen. 
The boat services had to rely exclusively 
on local and tourist traffic and the Lud- 
wigshafen and Uhberlingen service was 
discontinued. 


The several navigation companies then 
came to a general pooling agreement ap- 
plying originally to the German passen- 
ger services (1877). The Austrian Com- 
panies came in in 1866 and the Swiss 
Bregenz-Lindau, in 1902. These arrange- 
ments were further modified when the 
German State and the Helvetic Confede- 
ration took over the railways in their 
respective territories. 


At the present time, the Germano- 
Austrian Association operates the boats 
along the northern shore (Bregenz- 
Meersburg-Constance), and the Germano- 
Swiss Union, the Lindau and Friedrichs- 
hafen to Rorschach cross services. The 
local lines are operated by each of the 
countries concerned and the lines sery- 
ing ports in several countries, by inter- 
national pooling committees. 


Thus, in the first group there is only 
one Swiss Company (the Arbon Assocta- 
tion) operating the Rorschach-Arbon- 
Romanshorn line, the Reichsbahn ope- 
rates the Constance to Ludwigshafen — 
Uberlingersee and the Radolfzell to Ohn- 
ingen — Untersee lines and the Schaff- 
hausen Co. operates a Rhine navigation 
service beyond. 

In the second group, the Germano- 
Swiss Union operates the services from 
Lindau and Friedrichshafen to Ror- 
schach and Romanshorn, while the Ger- 
mano-Austrian Company operates the 
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route along the northern shore, with cal 
at Bregenz, Meersburg and Constance. 


Although traffic improved for a lon 
time, the number of passengers increas 
ing from 444 430 in 1865 to 1113 338 1 
1895 and 2240000 in 1929, there ha 
since been a decline, partly atributabl 
to privately-owned motorboat service 
and these figures receded to 1 673 174 i 
1931. 

Many types of boats, mostly paddl 
steamers, are still in commission, rang 
ing from the 4887 « Greif » to the 192 
« Stadt Uberlingen » which carries 1 20 
passenger and the twin-screw « Algau 
(Lindau). The 1928 Austrian Federal Ry 
« Osterreich » is a twin-screw 700-pa: 
senger diesel boat. The 1932 Swiss Fede 
ral Rys. « Thurgau » brought the tot: 
passenger fleet up to 51 units. 


In winter, motorboats, such as tl 
German « Kempten », « Augsburg » an 
the « Raversburg » (1931) which on! 
carries 400 passengers, take the place d 
the larger units. . | 

Most of the passenger boats have 
speed of 20 km. (12.4 miles) an hour. 

The goods traffic is chiefly worked 
train ferries or lighters. In additio| 
there is a cross-lake service for moto 
car traffic, between Friedrichshafen ar} 
Romanshorn. 


Boats are also maintained on a numb 
of Bavarian lakes : the Schliersee, 
gernsee, Wurmsee, Chiemsee and An 
mersee, but these are merely local tour 
services. 


LVIH-2. — River navigation, whi 
takes place on all the major German 
vers, the Vistula, Oder, Elbe, Wes¢ 
though sometimes only in the summer, | 


particularly active on the Rhine, whi 
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TABLE 337. 
SPEED OF RIVER BOATS. 


. =| 
Distance. Time Time Wee a yee 
Trip. ot ,.| 22 =o 

Km. |Miles.||°* CeParere-| SPenh-) Fs |Km./h,|M.p.h 
ET EERE 
Cologne-Mayence . . . | 200 124 7.80 a. m./11.40 AT te OR Kéln-Diisseldc 
; Rheindampfschi 
Schnellfahrt E> 

200 {24 |IR 9.45a.m:| 8.30 42 23.0 | 14.6 

St. Goar-Assmanshausen 29 eRe 1 el Olsen 0256 tA 31.0 | 19.3 

Riidesheim-Wiesbaden . 23 com (PR BBH) ae vam. || TOs) = ellee | eh 

Coblence Rh.-Berneastel : | 
Cues . ee te ee 4.40 p. m:| 0.40 aos fe eey ane Mosel Persoi 
schiffahrt 
ie con (PR Bos ay savy] O20 a foal ae 

Heilbronn-Heidelberg . . 89 ee Tf Ce Tite!) 725) 19 OFAN 5.8 Neckarschiffe 


TABLE 338. 


MOTORBUS SERVICES. 
(Alternative railway services are shown in italics). 


Distance. Time Time oe Speed. 
oan Be S $ Se = 
Kan, | Mileed ans chor tte tia penk Zs Km./h.|M.p.h. 

Berlin Stett.-Angermiinde- | 152 94.4 6 OO0a.m. | 2.45 4 55.3 | 34.4 |Auto I. 

Stettin . Tee | eloo) 83.9 SD aim, || 70) eee 78.6 | 45.7 |D. 21. 

Over autostrades. | 

Frankfort-Darmstadt-Mann- | | 

Inesbry IbUSG, 2 5 = 5 o «|/ Sood | SS ©|l| 2o@ojn, wa, | Was 2 64.1 | 39.8 |R.B. Fast bus | 

Frankfort-Darmstadt Hbf. | 33.2 | 20.6 || 8 30a.m. | 0.33 Se 60.0 | 37 3 Do. | 

Darmstadt-Mannheim . . | 55.3 | 34.4 || 2.34p.m. | 0.49 1 UST || Ziel Do. | 
Frankfort-Mannheim — Hbf. 

thr. oo « o of led | BO. Oe wins || Whe} 4 58.9 | 36.6 Do. 
Frankfort - Darmstadt - Hei- 

cle ere wierd, Mh eee wis ea | ees a CeO a. wa, | 12 4 Dee hs Do. 

Darmstadt-Heidelberg Hb. | 62 4 | 38.8 || 8.04a.m. | 0.54] ... | 69.3 | 48.1 Do. 
Frankfort-Heidelberg (thr.) | 88.6 | 55.0 || 9.00a.m.]1.19 | ... | 67.3 | 41.8 Do. 
Mannheim-Heidelberg. . .} 19.2 | 14 9 || 12.30p.m. | 0.214 { | 54.3 |) 33.7 Do. 

Reichsbahn motorbuses. 
Munich-Tegernsee . . . .| 54.0 | 33.6 || 7.40a.m. | 4.09 5 | 46.9 | 29.4 |R.B. Motorbus 
Munich-Neuhaus. . . . .| 60.0 | 37.3 || 7.30a.m. | 4.23 oale43.4 eer 0. Do. 
Braunschweig-Hanover . .]| 61.0 | 37.9 ]| 3.03 joey, || sl aei 1 42.0 | 26.4 Do 

61.0 | 37.9 || 9.06a.m. | 0.51 2 71.7 | 44.6 |B. 126. 
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forms a great line of communication. 
[he speed of the boats is very different 
1p or down stream, and according as they 
ire run as express or ordinary services. 


LVIII-3. — Reichsbahn motorbus ser- 


vices. — The Reichsbahn has replaced 
certain trains by bus services; on the 
other hand, it has introduced buses on 
some of the autostrades. They differ 
from those in other countries by their 
high overall speed. 


[621.135 4 & 628, 25 ] 


The formule used to calculate the additional tractiv 
resistance WW, on curves, 


by Demostu. PROTOPAPADAKIS, 


Civil Engineer (E.P.C.), Professor of Railways, Athens National Polytechnical School. 


A. — Preliminaries. 


The railways as a rule select one of the 
many available formule for calculating 
the resistance w, due to curves. 


On the other hand, there is the general 
opinion that the bogie is an ingenious 
invention as it facilitates the running of 
vehicles through curves and therefore 
reduces the resistance w, considerably. 
There is more or less general agreement 
that w, is dependent on the gauge e of 
the track, on the wheelbase s of the vehi- 
cles, on the radius R of the curves, and 
on the coefficient of friction f between 
the tyres and rails. 


In the present note, an endeavour will 
be made to give the elements e, s and f 
their proper values and to justify the use 
of a formula which takes them into ac- 
count adequately and which can be used 
unhesitatingly in all cases. 


The following example illustrates the 
importance of the matter. 


When considering the stock of a stan- 
dard-gauge railway we find it consists 
of : 


(a) bogie carriages with bogie wheel 
bases of 2 m. to 2.50 m. (6 6 3/4” to 
Seni 16 ye 


(b) four- and six-wheeled carriages 
with a rigid wheelbase of 3.50 to 4.50 m. 
(TsO eto rs Oe 


(c) wagons with a rigid wheelbase ¢ 
3.25 m. to 6.50 m. a 8” to 21’ 44 
the bulk of it with 4m. and 4.50-1 
(13’ 4 1/2” and 13’ 9”) wheelbases; 


(d) engines and tenders with 3.20-1 
4.50-m. (10° 6” to 13’ 9”) rigid whee 
base. 


The minimum radius of the curves | 
= 300 m. (984) and Haarmann’s fo 
mula 


w, = G00/(R-80). . . ¢ 


given in Table III as No. 3, 
calculate w, 

According to this formula the max 
mum resistance due to the curves will ] 
w, = 240 ker./t. (5.38 lb. per Engl. tox 
for all the stock indiscriminately, an 
regardless of the weather. 

Tf more thought had been given to t 
subject, the formule of Table II cou 
have been used, corresponding to t 
wheelbase of each class of stock and 
coefficients of friction f taken as 
kgr./t. (537.6 lb. per Engl. ton) for sw 
mer working, and 165 kgr./t. (369 Ib. 
Engl. ton) for the winter. The resista 
w, would then have varied between 4) 
kgr./t. and 3 ker./t. (3.29 and 6.72 
per Engl. ton) for summer service aj 
from 1.1 kgr./t. to 241 ker./t. (2.46) 
4.73 lb. per Engl. ton) for winter serv} 
taking into account the extreme whe 
bases of 2 m. and 6.50 m. (6 6 3/4” 4 
21a Ye 


is used 
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formula No. 3 only applies to an ave- 
e wheelbase s = 4.72 m. (15° 6”) as 
1 be seen easily by the following ap- 
cation of the formula (a) we are about 
suggest. 

The objection of complication due to 
/ multiplicity of formule is not justi- 
d, as, to begin with, there is nothing 
prevent their number being reduced 
reasonable averages, and secondly in 
king such calculations an endeavour 
made to keep as close to the actual 
ts as possible. 

for a long time we have stressed the 
portance of not using any resistance 
motion formule other than that due 
gravity, unless the conditions and li- 


wy = 45-8 (OU WO 


wo — 160+ 230 (001 V) +46 (0.01 V)2. 
w, = 1.60 + 0.456 (0.01 V) + 4.56 (0.01 V)2. 
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mits they represent are known fully. As 
a matter of fact, we have found many ti- 
mes, when going through the figures of 
the same experimental measurements, 
that various formule could be used to 
interpret them, without it being permit- 
ted, however, to extrapolate nor to inter- 
pret these formule rigidly; in most cases 
they have a meaning when used as a 
whole but not as regards their separate 
terms. Scientific mechanics alone give 
single formule for representing the 
facts, yet without the right of indefinite 
extrapolation. 

A classical example is given by the ex- 
perimental formule of the French Nord 
Railway : 


= 


for open wagons; 
for 4-wheeled coaches; 
for bogie coaches, 


ich are rightly considered as very accurate. 
[These formule can very well be replaced by the following : 


=7 (0.01) V 
= 2.50 + 6 (0.01 Vy? 
= 9.20 + 4.44 (0.01 V)? 


[he same ideas apply, a fortiori, to the 
mule used to calculate w,. Many for- 
le are available for this calculation, 
there are few indications as to the 
iting conditions of the application; 
s involves reference to the original 
vers, which is not always convenient. 
n the case of curves, the indications 
usually restricted to the track gauge, 
without it being shown in the formu- 
in some rare instances the gauge e and 
distance between centres s are incor- 
ated in the indications. Other factors 
actly affecting the resistance to the 
ant of doubling it are not shown ex- 
‘itely. The results of the calculations 


but only under the conditions and within the limits of 
speed, number and weight of each vehicle, type of 
stock, method of lubrication, etc... they represent. 


if based on an ill-selected formula, are 
incorrect; the Paris Metropolitan coaches 
carried on 2.25 m. (7 419/32) wheelbase 
bogies run over standard-gauge curves 
of 50 m. (164’) radius at 25 km. (15.5 
miles) an hour; formule Nos. 1 and 3 
of Table IIIT would give these coaches a 
negative or infinite curve resistance. 
GoERING’s formula No. 2 would give a re- 
sistance of 25 kgr./t. (56 Ib. per Engl. 
ton), whereas it is only 9.26 kgr./t. (20.74 
lb. per Engl. ton) in summer and 6.94 
ker./t. (45.54 lb. per Engl. ton) in win- 
ter, according to the formule corres- 
ponding to the distance between centres 
of 2.25 m. (6’ 10:4/2”) in Table II. 
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B. — Formula we suggest be used 
in preference to all others. 


In all the formule given below the fol- 
lowing notations are used : 


W >. = the resistance in kgr./t. of 
the gross weight of'a vehicle or 
of a whole train per metre run, 
ie. the specific or unit resist- 
ance on curves; 


w , and w,. = as above, but for the engine 
and tender or for the train 
hauled (excluding engine and 

% tender); 


fandf, = the coefficients of friction, in 
kgr., between the tyres and the 
rails at low speed and at a speed 
of V km./h., per metric ton of 
train weight; 


e = the track gauge, in metres, 
between the centre lines of the 
rails (e = 1.50, 1.06, 0.8 or 0.65 m. 
Ge ally BY ay BYE BP Th IB? oe 
2? 1 5/8”) for the most widely 
used gauges: 1.485 m., 1.00 m., 
OCS inet, unre (OG) tin, (GY 8) Aly, 
3’ 3 3/8”, 2’ 5 1/2” and 1’ 11 5/8”); 

e = the distance in metres between 
the axle guards of one pair of 
wheels (ey) == 1i(>pamee 1 sO mma, 
NgOOY “ions Feinyel OSEY sal, (GPO, 
4 3 13/64”, 3’ 3 3/8” and 2’ 91/2”) 
for the above gauges); 


s = the rigid wheelbase or dis- 
tance, in metres, between centres 
of the axles of the outer pairs 
of wheels under the common un- 
derframe (the case of the coup- 
led wheels of articulated loco- 
motives) ; 


R = the axial radius, in metres, of 
the curve, the resistance w,,. of 
which is required; 

R’ = the most usual minimum ra- 
dius, in metres, of curves, on the 
sections of line, to which the 
wheelbase s has to be related); 


Re = the minimum radius, in r 
tres, of the curves on whicl 
vehicle with a wheelbase s is 
be inscribed but over which 
could not run; 


rand m = the mean radius of the whe 
at the tread and the height 
their flanges, in metres; 


JJ = the total play of the track 


curves (play on the straight ¢ 
gauge widening on curves, 
any), in metres; 


Ay’ = the average play between 
axle-guards and axle-boxes, 
ken in the orthogonal position 
the axles, in metres. 


We give, in Table III, using the ab 
notation, all the curve resistance forn 
le known to us. 

Except as regards North America, 
think the formule most used are nt 
bers 1, 2, 3, 9 and 11 the formule un 
No. 7 being used chiefly in America 
bogie stock. 

All these formule for the same gai 
and radius of curve are far from giv 
the same specific resistance. For exe 
ple, formule No. 1 give the same val 
as formule No. 11 for radii of 4 
100, 150 and 15 m. (1333’, 328’, 499” & 
49 2”) only, for standard, metre and 
em. (1’ 11 5/8”) gauge lines. Be. 
these radii, formule No. 1 give greg 
resistance values than No. 11, and ab 
these values, the opposite takes place. 

The differences between the res 
are considerable : 


for R = 100 m. and e = 0.65 m. we 
w,.= 2.11 by formula No. 1 and 
w, = 3.22 by formula No. 411, or 
54 % more. 


Table IV has been prepared to s 
more clearly the differences between 
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lts obtained from formule No. 1, and 
yourTSs’ formula, No. 11. 

1 exceptional cases of small radii, (see 
nples in Chemins de fer, page 28, by 
/ASSEUR), relatively to the track gau- 
such as is the case with many tram- 
s or underground lines either stan- 
1 gauge or not), the differences are 
| more marked, as we saw above 
he case of the Paris Metropolitan. 


he above anomalies have led us for a 
time to insist on the use of the for- 


med): 
w, = 080 f (e+V e +s?)/R. (a) 


ch formula’ has been confirmed 
nost treatises on railway practice (see 
articular the works by DEeHARME-Pv- 
VicalRE-Maison, OTTONE, Corint, Pa- 
-TETREL...). 


fe will confine ourselves to noting 
this formula is primarily built up 
n the sum of the resistances due to 
itudinal (0.50 fe/R) and transverse 
0 fV &+s?/R) sliding friction of 
tyres on the rails, and ignores the 
y other factors which can influence 
greater or lesser extent the value of 
resistance w,, such as : the regular 
ut of the curve, excessive striking an- 
gauge widening in curves, excess or 
in superelevation, number of pairs 
wheels, ability of the wheels to set 
nselves to the curves (convergence 
ids the centre of the curve, or lon- 
dinal displacement), length of the 
1 and its position on the curve, coupl- 
more or less tight, unit tractive ef- 
. running speed, and in particular 


emto 6.25 m. (5 97 to 27” 1”) 

Beto 5.00 m. (4 1 1/4” to 16’ 5”) 

0 to 3.00 m. (3’ 3 3/8” to 9 10 1/8”) 

ig to 2.50 m.*(2’ 11) 1/2” to 87 2)15/32”) 
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the effect of the tyre contour relatively 
to that of the rails. 

It should be noted, however, that in 
Coucue’s well known treatise on railways 
(Vol. III, p. 649) the following formula 
is found : 


w, = 0.50 F(e+ s)/R. (10) 


It is given under No. 10, in Table III, 
and based on arguments similar to those 
admitted when making out formula (a), 
but less rigid. This formula, better 
known as REDTEMBACHER’s, gives lower 
resistance values than formula (a). 

Two similar formule are given in 
HENSCHEL’s Locomotive Engineer’s Hand- 
book, 1935 edition, page 48, and are given 
under No. 13 in Table Ill. These for- 
mule do not explicitely take into account 
the friction coefficient f. 

Similarly formule Nos. 8 and 9 of Ta- 
ble [ll take the wheelbase s into ac- 
count, but are given for standard gauge 
only, and again do not include explicitely 
the friction coefficient f. 

It is really astonishing that formula 
(a) has not come into general use so far. 
The only reason we can suggest is the 
root sign it includes, although this may 
be eliminated easily in several ways. 

With this object in view, we have com- 
piled Table I, which gives the exact 
values of the factor 


o = 0.30 (e+ V & + 82) 


in formula (a), which factor we will 
call the modulus of resistance on a curve 
of radius R for a gauge e and a rigid 
wheelbase s. 

Table I has been calculated for the fol- 
lowing limits of the wheelbase s : 


for standard gauge .... . (e = 150 m.). 
formmetrencallcemmn nc (Ce. 0Olm) > 
for 0.75 m. (2’ 5 1/2” gauge) . (e = 0.80 m.). 
for 0.60 m. (1’ 11 5/8” gauge) . (e = 0.65 m.). 
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The results in each vertical column of 
this table can be calculated with close 
approximation, by a linear expression, 


w, = f (1.060 + 0.470 s)/R 
w = f (0.726 + 0.473 s)/R 
w, = £ (0.584 + 0.456 s)/R 
Wy, = Ff (0.467 + 0.460 s)/R 


Seeing how the coefficient f varies with 
the atmospheric conditions and the mul- 
titude of other factors which more or 
less come into the question, the following 
general formula (12) can be suggested 
in place of formula (b) 


wy =f (0.72e + 0.47s)/R . (12) 
shown under No. 12 in Table HI and ap- 


plicable in all cases within the limits of 
the wheelbase s values given above. 


19 


a 


Values to be used for the friction 
coefficient f. 


When using the general formula (a) 
or those derived therefrom, (b) or 12, it 
is important to fix a value for the fric- 
tion coefficient f. 

This coefficient varies not only with 
the condition of the rails and tyres, 1. e. 
with the atmospheric conditions, but also 
with the running speed (see Paropi-Tk- 
TREL, La Traction électrique, Vol. I, 
page 311). The following limiting values 
are assigned to it : 


330 kgr./t. (739 lb. per Engl. ton) for 
very dry or clean tyres and rails (very 
hot weather or after heavy rain) ; 

100 kgr./t. (224 Ib. per Engl. ton) for 
greasy, damp or dirty rails or tyres; 

220 kgr./t. (493 Ib. per Engl. ton) as 
an average value at low speeds. 


At a speed V km. an hour, we get 


fo = 220/(1 2-0. 011V es Oem o) 
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from which the following formule : 
the resistance w, can be made out : 


for standard-gauge track, 

for metre gauge, 

for 0.75 m. (2’ 5 1/2”) gauge, 
for 0.60 m. (1’ 11 5/8”) gauge. 


(b) 


In the case under consideration, af 
many investigations into the matter, 
have adopted the following average val 
Olgis: 

220 kgr./t. (493 lb. per Engl. 
ton) for summer working{ in temper 


165 kgr /t.(370 Ib per Engl.( climates 
ton) for winter working 


We will not take into account any 
ductions in the values of f due to iner 
ses in the speed V, as given by eq 
tion (c). A train might stop or sl 
down to a very low speed on a curve; 
these two cases f will have a greater 
lue than afiter V has decreased, and ¢ 
sequently the resistance w, will then 
greater. 

In a very detailed report (Bulle 
of the Railway Congress Associati 
August, 1892, p. 2407, French editio 
Messrs. LANCRENON and MorANDIERE br 
out in several places (pp. 2429, 2 
2499, 2508...) the capital importance 
the wide variation of the resistance 
according to the atmospheric conditic 
a fact with which the locomotive runn 
and permanent way staff are very com 
sant. This explains why the bad a 
‘season, as regards the state of the rails 
tyres, and the high speeds as rega 
the reduction of f with the ineread 
the speed V, make it easier to run thro 
curves; the opposite occurs in ho 
rainy weather, and at low speeds. To § 
up, when the friction coefficient f is 
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aced by its average value of 220 ker./t. for summer working, and by 165 kgr./t. 
r winter working, the formule can be written : 


w, = (233.20 + 103.40 s)/R 
w, = (159.72 + 104.06 s)/R 
w, = (128.48 + 100.32 s)/R 
wy = (102.74 + 101.20 s)/R 


r summer working, and 


Il Il 


w, = (174.90 + 77.55 s)/R 
w, = (119.79 + 78.05 s)/R | 
wy = (96.36 + 75.24 s)/R 
uy, = (77.06 + 75.90 s)/R \ 


r winter working. 


Formula No. 12 will become : 


wy, == (158 40 e + 103.40 s/R. 
wW, = (118.80 e + 77.55 s/R. 


A) 


Comparison with formula No. 13. 


Making e = 1.50, 1.06, 0.80 and 0.65 
Ca ee nota oen (22 and 
w, = (99.00 + 140 s)/R 
w, = (69.96 + 140 s)/R 
w» = (52.80 + 140 s)/R 
w, = (42.90 + 140 s)/R 


These formule give the same resistance 


3.78 m. (12’ 5”) 

2.68 m. (8’ 9 1/2”) 
2.02 m. (6’ 6 53/64”) 
1.64 m. (5° 4 9/16”) 


nna nA NH 


NSN esl 


for longer wheelbases the resistances 
ained are higher than those obtained 
m our formule (d); for shorter 
eelbases, tha opposite occurs, In any 
e, the differences are not appreciable; 
example, with a long wheelbase s = 
0 m. (21’ 4’) the first formula (13) 


es : wy = 1009/R, and the corres- 
ding formula (d)..... : wr = 905/R, 
m5 % less. 


for standard-gauge track, 
for metre gauge, 


d 
(d) for 0.75 m. gauge, 

for 0.60 m. gauge. 

for standard-gauge track, 
(a) for metre gauge, 


for 0.75 m. gauge, 
for 0.60 m. gauge. 


for summer working, and 


. (e') for winter working. 


2’ 1 5/8”) in formula No. 13, we get the 
following resistance formule for the 
main lines : 


for standard-gauge track, 
for metre gauge, 

for 0.75 m. gauge, 

for 0.60 m. gauge. 


(13’) 


values as formule (d) for wheelbases of : 


for standard-gauge track, 
for metre gauge, 

for 0.75 m. gauge, 

for 0.60 m. gauge. 


C. — Conclusion. 


We suggest the following general for- 
mula for calculating the specific resis- 
tance w, for a track of any gauge e, a 
rigid wheelbase s an a friction coeffi- 
cient f, to be fixed according to the cli- 
mate and the time of the year 


Wy = 0.50 f (e + Ve? + s?)//R... (a) 


even for broad-gauge lines. 
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For standard, metric, 0.75-m.(2’5 1/2”) 
and 0.60-m. (1° 11 5/8”) gauges we sug- 
gest : 

1. the use of the moduli of resistance 
on curves of Table I, multiplied by the 
factor f/R in order to obtain the formula 
of the curve resistance, the value of f 
having to be fixed to suit the climatic 
conditions; 

2. the use of formule (b), the coeffi- 
cient f being determined as in case 1; 

3. the use of formule (d), (d’), (e) 
and (e’), with f = 220 kgr./t. (493 lb. 
per Engl. ton) in summer and 165 
ker./t. (370 lb. per Engl. ton) in win- 
ter ; 


RHA HR NH 
ie ie 


which is not necessarily so. 


For higher or lower values of s than 
those given above, the formule (e) give 
larger or smaller values than those ob- 
tained when Despouits’ formula No. 41 
is used. 

The discordances of the calculated re- 
sults are not due to the general formula 
(a), nor to those derived from it (b), 
(d), (d’), (e), (e’); they are due to the 
compared formule not having been made 
out to be applied in all cases. 

We are aware that in Messrs, LANcRE- 
NON and Moranpiére’s excellent report 
mentioned earlier, it is held that the 
wheelbase s has no appreciable influence 
on the increase or reduction in the re- 
sistance w, because from the experimen- 
tal measurements made, especially those 
of Despouits, no differences in curve re- 
sistance were observed on vehicles having 
wheelbases of 2.50 m. — 8 2 7/416” 
(short wagons) to 5.40 m.= 17’ 8 Late 
(large passenger coaches). 
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4. the use of the resistance formul 
of Table I], based on the exact formu 
(a), with f = 220 kgr./t.. in summer ar 
165 ker./t. in winter. 

The results obtained when using the: 
formule will not agree in all cases wil 
those obtained from the many existil 
formule. For example, if Despouits’ g 
neral formula 


w,=800eR. . . O 


is to give the same results as our fo 
mula 


wy» = (158.40 e + 103.40 s)/R..... (¢ 


s must always equal 3.30e , i. e. 


4.96 m. (16’ 3 9/32”) for standard-gauge track, 
3.50 m. (11’ 5 25/32”) for metre gauge, 

2.65 m. (8 8 23/64”) for 0.75 m. gauge, 

2.25 m. (7 4 19/32”) for 0.60 m. gauge. 


Mr. LANCRENON was even more positi 
on the subject (page 2432) when he sta 
ed that « bogie vehicles do not show e 
cess resistances lower than those of oth 
vehicles and, in fact if the bogie vehic 
wheelbase were made too small, the r 
sistances might be greater... ». The san 
point of view is upheld on page 2503 | 
the said report, whereon wheelbases | 
3.50 to 5.90 m. (11? 6” to 19° 4 9/32 
are mentioned. 

We must admit nonetheless that # 
bogie makes the running of the vehiel 
much easier even in the case of curvy 
of small radius, this being confirm 
since its introduction in America, by fe 
mule No. 7. of Table III, which gi 
much lower resistances than formule n 
explicitely taking into account the whe 
base s. These formule Nos. 7 agr 
with formula (a) or its derivatives f 
the ordinary wheelbases of standard gau 
bogies [s = 2.00 to 3.60 m. (6 6 3/4” 
11’ 9 23/64”) ]. 
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— Restriction to the application of 
urve resistance formule for radii 
xceeding R” and R. 


. Minimum radius R’. — Curve re- 
ance formule of the form w, = 
R-b) ... .(f) wherein a and b are 
stants relatively to R, mean that when 
radius R approaches the value of the 
stant b, the resistance w, increases 
rmously, until it becomes infinite 
mo R= R” == b. ‘Thetresult is’ that 
value R” = b gives the limit curve 
ich a vehicle with a wheelbase s can 
otiate, this wheelbase s being that 
d when establishing the formule (f), 
without being able to run through 
it is tmprisoned or wedged in the 
ve. 
‘hus, for all radii R less than, equal 
or but little different from b, the 
mule (f) cannot be applied; they give 
ative, infinite or exaggerated results. 
‘he limiting unequalities (see CoucHE, 
1, page 241): 
(IR” —2rm)/VV rm 
4-wheeled vehicles, 
UY/8R"T — 2 | 2rm for 6-wheeled 
icles : 
nect the maximum wheelbase s with 
minimum radius R” for the case of 
limiting curve; if we take s = 5.00 
m6 5°), J. = 0040 m. (4 37/64"), 
= 1m. (3’ 3 3/8”), and m = 0.030 m. 
3/16”), we get in the case of the 
heeled vehicles : 
> (sV Im + 2rm)/J = 69.21 m. (228’), 
| in the case of 6 wheeled vehicles : 


= >(s +2 2rm]?28J = 112.73 m. 
vs) 

n the same way, the formule of the 
mw,— a/R... should not be ap- 
din the case of values of R equal to, 
; than, or little different from R”; 
y give exaggerated results. DEspouITs’ 
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formula w,—= 750/R applied to the Paris 
Metropolitan (R = 50 m. = 164’) gives 
a resistance w, — 15 kgr./t. (33.6 lb. per 
Engl. ton) whereas actually w, — 463/R 
= 9.26 ker./t. (20.74 lb. per Engl. ton) 
or 62 % less. 


2. Minimum radius R’. — Besides this 
radius R”, it may be queried what is 
the most frequently met minimum ra- 
dius R’, properly coordinated with a pre- 
selected wheelbase s. 

Based on the diagonal inscription of 
the vehicles in curves, and the practice 
of the German Railway Union, we got 
out a long time ago the equations : 

s = 0.30 Y RB’... (g) for carriages and 
wagons, and 

s = 0.24 [/ RB’... (h) for locomotives, 
giving the relationship between the 
wheelbase s of the vehicles and the mini- 
mum radius R’ most frequently encoun- 
tered on a particular section of line, for 
safe running and proper use of the roll- 
ing stock and track. 

The running would still be safe when 
s = 0.34 [/ BR’ for the rolling stock, 
and even s = 0.35 YW R’ is admitted. 


From the above equations we deduce 
the values of the radii R’, well suited to 
the pre-selected wheelbases s, and we 
obtain : 


R’ > 11.118? for carriages and wagons, 
R’ > 17.358? for locomotives. 


Consequently on a given section of 
track well suited to the stock having a 
wheelbase of 5 m. (16° 5”), the radii R’ 
should) not. be sless: thant444i x7 5? =— 
278 m. (912’) nor should there be loco- 
motives with a rigid wheelbase exceeding 
Ami (AB Ay ie 

We could also use the classic expres- 
sion 


aise an te oe EPs) 
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which relates the play J’ to the other fac- 
tors, s, e and R’, 

This maximum play J’ usually is less 
than 0.01 m. (18/32”) for low speeds, 
and 0.005 to 0.007 m. (13/64 to 9/32”) 
for high speeds. 

From expression (7) we get : 

Rie2 (Se (4d! soe. mie en) 
Taking e? = 1.75 m., 1.30 m, 1 m. and 
0.85 m. (5 9”, # 3 13/64’, 3’ 3 3/8” and 
2% 9 1/2”) for the standard, metre, 0.75 
m. and 0.60 m. gauges with a play J’ of 


6, 7, 8 and 9 mm. (18/64’, 9/32”, 5/4 
and 23/64”) respectively, we get fre 
expression (k) 

R’ > 73 s for standard-gauge track, 

R’ > 46.5 s for metre gauge, 

R’ > 31 s for 0.75 m. gauge, 

R’ > 23.6 s for 0.60 m. gauge. 


For minimum wheelbases of 2.00 1 
1.50 m., 1.25 m. and 0.90 m. (6 6 3/7. 
WAL’, AA18/64" and 2°11 1/72) 
the above gauges we get : 


R’ > 146 m. (479’) for standard-gauge track, 
R’ > 69 m. (226’) for metre gauge, 

R’ > 39 m. (128’) for 0.75 m. gauge, 

R’> 21m. (69) for 0.60 m. gauge. 


Curves of smaller radii should not be 
used when laying out railways. 


E. — Is the specific resistance w}| of 
locomotives and tenders the same as 
that w!' of wagons and carriages ? 


Formule Nos. 9 of Table III are the 
only ones giving, for standard gauge li- 
nes, the specific resistance of carriages, 
wagons, and locomotives separately. 

The wheelbase s is brought into ac- 
count in the first two formule, the value 
being 1000/R for carriages, and 2 000/R 
for wagons. The third formula ignores 
the wheelbase s; moreover it is the same 
as that given by formule No. 1 for stan- 
dard gauge and for the whole train. 

If R be taken as 300 m. (984) on 
standard gauge lines, it will be appre- 
ciated that when s = 4.85 m. (15° 14”) 
the formula for carriage resistance will 
give the same values as Franck’s formula 
for locomotives; when s > 4.85 m. the 
formula for carriages will give higher 
values than that applicable to locomo- 
tives, and when s < 4.85 m., the formula 
for locomotives will give higher values 
than that applicable to carriages. 


Our formula No. 12 was based on 
single vehicle, whether locomotive, t& 
der, wagon, or carriage, provided 1 
wheelbase be s and the gauge e. To ¢ 
tain the total train resistance it is suf 
cient to add together the relative res 
tances of all the vehicles and, if nec 
sary, abstracting therefrom the res 
tance value w’. 


In practice an average wheelbase s 
used for the whole train, and the averé 
resistance w, is calculated therefrom a 
applied to the tonnage of the whole 
the train. 

When the question is considered m«¢ 
in detail, we must admit that the speci 
resistance of the engine or tender 
greater than that of a carriage or wag 
of the same wheelbase s; this is due 
only to their position at the head of | 
train (greater guiding forces, differ 
ces in the direction of the tractive eff 
etc.) but mainly to the closer solida 
of the wheels and axles with their 
derframes (vertical spring links, lack 
clearance between axle boxes and ho 
etc.), the whole still being aggravated 
a larger number of pairs of wheels b 
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upled and carrying, which are more 
avily loaded. 

Despouit’s experiments (see Bulletin of 
e’ Railway Congress, August 1892, 


1. Single carriages or wagons . 
2. Engines with their tenders . 
3. Whole trains 


These figures indicate an average re- 
stance w, on a 100-m. (328’) radius 
rve for single carriages and wagons 
ual to that w, of the whole train, whilst 
e resistance w,. of the engine and ten- 
r is 14 to 28.5 % higher than that of 
e whole train. 
In any case, if L be the average weight 
the locomotive and tender in metric 
ns and Q that of the train hauled, we 
ways have the relation : 


ibi< Ww. + Qw,. = (L + Q) w, 


om which we can find one of the spe- 
‘ic resistances when the other two are 
own, 

The 14 % difference for the locomo- 
es, referred to above, will undoubtedly 
minish as the radius R increases above 
0 m. (328’), so that in practice no dis- 
ction need be made as between the en- 
nes, and tenders, carriages and wagons, 
ovided that for equal wheelbases s, the 
me specific resistance 


attributed to them. 


F. — Curve radii of equivalent 
esistance for different track gauges. 


Using Despouits’ formula No. 11 

w, = 500e/R (11) 
is admitted that for an equal radius R 
a layout, the reduction of the resis- 
ice w, be taken as proportional to the 
luction of the gauge e, and that con- 
juently the radius of the sharpest 
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French edition, pp. 2436-2442) on stan- 
dard gauge 100-m. (328’) radius curves 
gave the following values of the resis- 
tance w,.: 


8 to 6 kgr./t. (17.9 to 13.4 lb. per Engl. ton), 
9 to 8 kgr./t. (19.2 to 17.9 lb. per Engl. ton), 
7 kgr./t. (15.7 lb. per Engl. ton). 


curve can be reduced in the same pro- 
portion. Thus it has been stated that 
the resistance on a standard gauge curve 
of 300 m. (984) radius is the same as 
that of a 200-m. (656’) curve on metre 
gauge, of a 150-m. (492’) curve on 0.75 
m. (2? 5 1/2”) gauge, and of a 120-m. 
(393’) curve on 0.60-m. (1’ 11 5/8’) 
gauge track. 

These statements exaggerate the in- 
fluence of the gauge e on the resistance 
w,, as a glance at the resistance moduli 
of Table I or at the corresponding values 
of Table IT will show. 

Let us take the case of a wheelbase s 
= 3.50 m. (22’ 11 5/8”) on standard 
and metre gauges. According to Table II, 
the resistance formule are the following: 
584/R 


standard gauge, w, = 
= 519K; 


in summer 
metre gauge, w,. 


If the formule are to give the same 
resistance, we must have 


Bye) 
——. = ().89 R approx. 
584 ae 


1 = 


If we take R = 300 m. (984) for the 
standard gauge the radius of equivalent 
resistance would be R = 0.89 « 300 = 
267 m. (876) and not 200 m. (656’) as 
is often claimed. 

The reason for this large difference is 
that the wheelbase s is not taken into 
account in formule No. 11. 

Likewise, for a 2.50-m. (8 2 7/16”) 
wheelbase s on metre gauge and 75-cm. 
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(2 5 1/2”) gauge, the resistance formu" 
le would be : 


= 416/R 
SS Bes 


Ria Red == 090620 R, 
116 


metre gauge, Wy. 


in summer 
0.75 m. gauge, w,,. 


and when R = 150 m. (492’) on metre 


gauge the 75-cm. (2’ 5 1/2”) gauge curve | 
of equal resistance will be R, = 0.906 x’ _ 


150 = 1386 m. (446’) and not 112.5 m. 
(369°) as given by Despouits’ formula. 
For a 1.75-m. (5° 9”) wheelbase on 0.75 
and 0.60-m. (2’ 5 1/2” and 1’ 11 5/8”) 
gauge tracks, the resistance formule 


would be : 
0.75 m. track, w, = 300/R i 
0.60 m. track, w, = 277/R: in summer 
Ry = Rx 27 _o.993R 
300 


and when R = 175 m. (246 sya 
0.75-m. track, R, = 69 m. (226° 43/8") 
and not 60 m, (196 10”) as given by for- 
mule No. 41. 


G. — The total resisting work during 
the passage over a curve of radius R 
is independent of this radius; it is 
simply proportional to the angle 
made by one of the tangents relati- 


vely to that made by the preceding 
one. 


To conclude this article, we think the 
following points should be stressed : It 
is frequently stated, and written, that the 
radii of curves should be increased to 
reduce their resistance. This is untrue, 
if it is not stated that specific resistance 
w,, 1. e. the resisting work per metre tra- 
velled and per ton of weight, is in ques- 
tion. 


As a matter of fact, the total resisting 
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art 


h 


eh 


work due tot the transverse and longitv 
dinal slip of the tyres on the rails is 


T, = Pf a Ve? + 82/2 + Phe gy 
T, = 0.50 Pf oo (e + V & + 8% 


in which g, is the angle at the cent 
akc, or A’SB, of any curve abc over whic 
the ‘train has passed to get from tl 
straight section ASA’ to the followir 
one, ScB. 

The large radii Ka are required, not 
diminish the work T,, but simply to ove 
come it over a longer distance abe ii 
stead of a’b’c’ which would give a sma 
ler radius K’a’; furthermore, to redu 
the length of track which increases | 
the radius Ka becomes smaller; and | 
nally to reduce the maintenance costs, 
allow for higher speeds. to provide bett 
visibility, ete. 

Briefly the specific resistance 

w, = 0.80 Pig (e + Ve + s?)/PR 

= "050 72 ee Sey 

alone varies inversely as the radius 
and not the total work T, which is inc 


pendent of R and varies directly as t 
angle A’SB = gp. 
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TABLE I. 


Moduli of resistance on curves : 


a= 05 (e + Ve? + 8%) 


Standard gauge Metre gauge. 0.75-m. gauge 0.60-m, gauge 
Wheelbase 
Ae o= o— = oS 
Seen ees reser eee SS SSS TS PS ENS SPOS 

0.90 0.8810 
4 00 1.0403 0.9214 
Aeieo 1.3495 1.1415 1.0295 
4.50 4.4350 1.2500 1.1424 
4515 1.9024 1.5530 1.3620 1.2584 
2.00 2.0000 1 6465 1.4770 1.3765 
ae) 2.41020 Ae (30 1.5940 1.4960 
2 $550) 2.2077 1.8875 Lede 1.6465 
608) 2.34161 2.0035 1.8320 E 
3.00 2.4270 2.1210 4.9525 
Bar 2.5400 2.2390 
3.50 2.6539 2.3580 
OY ass 2.7690 2 4785 Use of the constants : To find 
4.00 2 8860 2.5990 the resistance formula for vehi- 
4.25 3.0030 2.7200 eles of wheelbase s = 2.50 m. on 
ee 3.4245 2 8415 standard and metre-gauge track. 
AO) 3.2405 2.9635 
5.00 3.3545 3.0895 Answer ; The formule requir- 
5.95 3 4800 ed are : 
ay stay) 3.6000 w, = 2.2077 f/R for standard gauge, 
5.75 3.7180 wo, = 1.8875 f/R for metre gauge. 
6.00 ene Taking f = 220 ker./t. in summer 
6.25 3.9635 and 3/4 f = 165 ker./t. in winter, 
6.50 4.0855 
6.75 4.2070 we obtain : 
7.00 4.3295 (a) Standard gauge : 
1.25 4.4500 ww, = 486/R for summer service; 
fa8 con w, = 365/R for winter service. 
Nato) 4.7000 (b) Metre gauge : 
8 00 4.8190 w, = 416/R for summer service; 
8.25 4.9400 wv, = 312/R for winter service. 
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TABLE II. 


Numerators for the general resistance formula : wr = 0.50 7 (c + Ve + s?)/R 


Standard gauge Metre gauge. 0.75-m. gauge 0.60-m, gauge 
Wheelbase 
Summer | Winter | Summer | Winter | Summer | Winter | Summer | Winte 
0.90 194 146 
1.00 229 We 203 152 
1 2) 297 223 252 189 el 170 
4.50 316 237 275 207 252 189 
1.75 419 314 342 257 300 225 277 208 
2.00 440 330 363 272 825 244 3038 228 
25) 463 347 391 293 351 263 330 247 
2 50 486 365 416 312 377 283 356 267 
ons: 510 382 441 331 403 | 303 
3.00 534 401 467 350 430 323 
3.25 559 420 493 370 
3.50 584 438 519 389 Haample of the use of the table . 
3,75 610 457 546 409 For vehicles of wheelbase s = 
4.00 635 ATT 572 429 2.50 m., the resistance formulae 
4.25 664 496 599 449 in summer will be : 
4.50 687 515 626 469 w, == 486/R for standard gauge 
4.75 143 535 652 489 ww, = eee for metre gauge; 

i w, = 377/R for 0.75-m. gauge; 
ey tee peg 680 510 w, = 350/R for 0.60-m, gauge. 
5 25 766 575 
5,50 792 594 

The numbers in the vertical columns are the numej 

i 73) 818 614 : 

rators in the general formula 
6.00 845 634 
ee: 872 | 654 w,, = 0.50 f (e+ Ver -+s2)/R 
6.50 899 675 
6.75 926 695 in which the following values have been assumed ; 
7.0 953 715 f = 220 ker./t. in summer service; 
fae 979 735 f = 165 ker./t. in winter service; 
7.50 1 007 755 e = gauge, from centre to centre of rails, in metres; 
Ut 1 0384 7176 s = rigid wheelbase, in metres; 
8.00 1 061 796 R = axial radius in metres; 
8.25 1 087 815 w, = specific resistance in kgr./t. 
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TABLE III. 
Formule for calculating the special unit resistance due to curves. 


ee 


Formule, No, e = 1.50 m. 1.06 m. 0.80 m. O65 mm 
a 
ITU ms lc eee) Ug oth cd 650/(R-55) 400/(R-20) | 350/(R-10) | 200/(B-5) 
CLUE or Tee Ua Up sao 5007 (R-30) 400/(R-20) | 350/(R-10) | 200/(R-5) 
CUMIN ee . . 6 5 wie 600/(R-50) 400/(R-25) | 350/(R-10) | 200/(R-5) 
OCIS Me te pemenee  silla ies seed 500/(R-6) 

‘alian State Rys. . .| 5 800/R 
eLLONCR Bes ca Gri lO (800-0.4 R)/(R-40) 
| (525 to 700)/R Some years ago. 
orth America ... . .| 7 : % 
(446 to 472)/R Quite recently. 
( 21 (4s -+ s2)/(R-5) | Rigid axles. 
mm Hoffmann. . . .| 8 
40 s/R + 0.40 Radial axles. 
s s 
R (180-1 000 — } For carriages. 
Wy ARGC. en ee eS @ é 
aT (180-2 000 Z| For wagons. 
650/(R-55) For locomotives. 
edtembacher ; 
NOW Ko oo 6 4 9 Wy SS URW Gy (eG se Gx 
ouche. 
Ou ok aie et ee hs). “wp, == 500E/R . 
roposed by theauthor :|12) <<... . . . w, =f (0.72e + 0.478) /R 
Me TT bommetive i w, = (66e + 140s)/R for the main lines . 
Pocket Book (p. 48) w, = (50e + 110s)/R for the secondary lines . 


Jorks from which the above formule were taken : 


No. 1 : Hiitte, 26th German edition, vol. Il, p. 875; 
No. 9 : Hiitte, 25th German edition, vol. III, p. 739; 
Nos, 2, 3, 4 and 8 : Hnzyklopddie des Hisenbahnwesens, by V. ROLL, vol. 8, p. 353. 


Nos. 5, 6 and 7 : La traction électrique, by H. PARopr and A. TETREL, 


——_—_ EEE 
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TABLE IV. 


Comparative values of the curve resistances according to formulz Nos. 1 
and 11 of Table II. 


1. According to formule No, 1. 
i 


Radius, m. 650/(R—55) 400/(R—20) 350/(R—10) 200/(R—5) 
ee a 

25 40.0000 
45 10.0000 5.0000 
60 10.0000 7.0000 3.6363 

120 10.0000 4.0000 3.1818 4.7394 

150 6.8424 3.0769 2.5000 1.3793 

200 4.4827 Beene 1.8124 4.0256 

250 3.3333 1.7391 1.4583 ———— 

300 2.6530 1.4286 4.2069 

350 2.2034 iL pails 4.0294 

400 1.8840 1.0526 

500 4.4606 

700 1.0077 


2. According to formule No. 11. 


Radius, m. 750/R 500/R 375/R 300/R 

EE ee ee 
30 10.0000 
37.5 10.0000 8.0000 
50 10.0000 7.5000 6.0000 
15 10.0000 6.6667 5.0000 4.0000 
120 6.2500 4.1667 3.1250 2.5000 
150 5.0000 3.3333 2.5000 2.0000 
200 3.500 2.5000 1.8750 1.5000 
250 3 0000 2.0000 1.5000 4.2000 
300 2.5000 1.6667 1.2500 1.0000 
350 2.1429 1.4286 1.0714 
400 1.8750 1.2500 
500 1.5000 1.0000 
600 1.2500 
700 1.0714 


| s 
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n error to avoid in schemes for new underground lines, 
by Tu. MAKCHEEFFP, Engineer. 


A common failing in all existing un- 
rground lines is the inconvenience in- 
ved when changing trains. In Paris, 
> example, the passengers are obliged 
change two or three times in many 
es to get to their destination. Each 
ange means quite a walk through sub- 
ys and up and down stairs. Frequent- 
the changes take longer than the train 
irney. The new lines not provided 
* in the original scheme have increased 
» difficulty. 
Let us endeavour to establish a gene- 
| principle for avoiding long walks 
ough passages and reducing the stair- 
ys to a minimum at connecting places. 
The streets of the large European cities 
» all arranged as concentric circles con- 
ected by streets radiating from the cen- 
. This centre in Moscow is the Okhot- 
“Riad, in Paris Le Chatelet, and in 
rlin the Friedrichstrasse. The succes- 
e rings of the boulevards form the cir- 
lar thoroughfares in the case of Paris 
in that of Moscow. 
The frequency of the trains on the un- 
rground lines is too great to run trains 
different directions over the same 
cks. It is always possible, however, 
> two lines to be arranged to cross one 
other at different levels when the ex- 
ange station is built as shown in the 
gram, figure 1. 
With four lifts (A on this drawing) or 
irways the passengers only have to go 
or down once to change for any direc- 
n. 
A circular station should be provided 
the centre of each city, with lines ra- 
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diating from it in all directions as shown 
in figure 2. To change trains in this 
design of station the passengers have to 
walk round along the circulating area 
to the required platform. 

These two methods of changing train 
are not tiring and compare more than 


Fi 


| i 
— Exchange station for two 
crossing lines. 


nvoneels 


Explanation: 


V Upper line. 

V' Lower line. 

Q Upper line platforms. 
Q' Lower line platforms. 
A Elevators. 
E Stairways. 
A change 
descent. 


of train involves a single ascent or 


favourably with the long walks the Pa- 
ris public has to take at the Concorde, 
Madeleine, Marbeuf and other stations. 
In order to obtain only these two me- 
thods of connection and to reduce to a 
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minimum the number of changes be- 
tween any two stations, it will be suffi- 
cient to lay out the metropolitan lines to 
the diagram, figure 3. 

On such a system the passengers are 


Fig. 2. — Central station wherein 
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brought to the centre of the city 

through trains, and can get from any 01 
station to any other with only one chan 
of train. The number of changes is r 
duced to two in the most unfavourab 


all the radial lines end. 


Beplanation : 


A Arrival platforms. 
D Departure platforms. 
B Booking office, 


RP 
TF 
TM 


Circulating area. 
Stationary foot walk. 
Moving foot walk. 


The arrows show the direction the passengers walk. 


cases, when it is desired to reduce the 
distance travelled. In Paris three chan- 
ges are frequently necessary and the pas- 
sengers have to follow a roundabout route 
to get to their destination. 


The central station with its 10 or 
radial lines may be about 50 m. (164 
in diameter. A revolving platform 
be provided at less cost than mo 
stairs and be arranged to revolve in 
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Fig. 3. — Theoretical diagram of the 
Metropolitan. 


Bxeplanation: 
main system is shown by plain lines and the 
condary system by dotted lines. All radial lines 
id at the central circular station. All the secon- 
wy radial lines end in an exchange station with 
e inner ring line. 
posite direction to that of the passen- 
*s moving round the fixed circulating 
tform (see drawing, figure 4). 
The stairways providing access to or 
mm the. central station can end directly 
the respective platforms. This arran- 
nent prevents the passengers entering 
leaving the underground station from 
shing with those simply changing 
ms (*). 
N Cities such as Berlin, where the new 
thods of transport in common were in- 
duced as technics progressed, the 
tropolitan was built when a dense net- 


*) In the case of a city with the streets 
uiged at right angles the metropolitan 
§ should also be laid in the same way. 
this case only one change of train is need- 
as shown in figure 1. 


6* 


BULLETIN OF THE INT. Ratmway Concress ASSOCIATION 


2059 


Fig. 4. — Circulating area with moving foot 
walk at the central station. 
Leplanation : 

A Arrival platforms. 
D Departure platforms. 
B_ Booking office. 
RP Circulating area. 
TR Stationary foot walk. 
TM Moving foot walk, 
The arrows indicate the direction the passengers 


follow. The moving foot walk revolves in the opposite 
direction to that followed by the passengers on the 
fixed foot walk. 


work of city railways and tramways was 
in existence. The various*forms of public 
transport were then amalgamated and the 
metropolitan lines were laid to complete 
the existing city railways. By 1926 all 
the urban and suburban railways of Ber- 
lin were united into one organisation for 
the convenience of the passengers. Under 
these conditions the disadvantages of 
having to change trains were more than 
made up by the advantages of through 
tickets over all the lines. 

When examining the layout of the Pa- 
ris Metropolitan, which is entirely inde- 
pendent of any of the other public trans- 
port organisations, it will be seen that 
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Fig. 5. — Plan of Moscow. Seale : 1 in 100 000. 


the system could have been arranged on 
the suggested principles quite easily 
whilst following almost all the existing 
lines. The central station would have 
been Le Chatelet, the present centre of 
the motorbus night services. It is too 
late to alter the Paris Metropolitan lines 


as suggested, but crossings of new li 
could be arranged as shown in figure 
The plan of Moscow lends itself 1 
to the arrangement of underground li 
shown in figure 3. 
The central station would be Okhot 
Riad and all the radial lines shown 
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ire 5 could terminate there. The in- 
ring line should follow the boule- 
Js and the Moskwa river, and the 
sr ring the Sadowaya outer boule- 
ds. 

[| is thereforewstill possible to apply 
above principles to the Moscow Un- 
zround and so overcome in the future 
defects of the other European under- 
und lines. The supplementary expen- 
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diture on the exchange station should 
be provided for now, and the central sta- 
tion arranged so as to cut all the radial 
lines. 

This expenditure, relatively low in 
comparison with the total cost of the 
underground system, will give an enor- 
mous saving when the system is extend- 
ed, whilst improving the working very 
considerably. 
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1e maximum length of rails as affected by the range 
of temperature and the design of the rail joint. 


s question was wade the subject of Tech- 
ical Paper No. 297 (of the Indian Railway 
oard), the author of which is Mr. A. M. 
IMS, Officiating Deputy Chief Engineer, 
orth Western Railway (India). 


ome years ago, the Track Standards 
nmittee had expressed the opinion 
t it would be desirable to aim at a 
sth of 60 ft. for rails in the future. 
ing chiefly to the difficulty of trans- 
tation, the Railway Board issued or- 
s (1931) that this matter should 
od over. 

t was likely, on the other hand, that 
Is of such length would require spe- 
| arrangements at the joint in order 
allow of free expansion under the 
sct of variations in temperature. 
nvestigations into the deformations 
rails and the actual temperature ran- 
led Mr. Sims to formulate the follow- 
conclusions : 


On the North Western Railway, in the 
Punjab plains, an annual range of rail 
temperatures of 26° F. to 146° F, has 
been observed; If 60-foot rails are to 
be used, slight alterations will be requir- 
ed in the existing standard rail joint 
designs; for instance the diameter of the 
fish-bolt holes in the web of 115-lb. B.S.S. 


rauls should be increased to 1 1/2 
inches. Furthermore the initial stresses 


which may exist in rails should be re- 
cognized, as the sum of these stresses 
and those resulting from the passage of 
the locomotive may be above the per- 
missible limit. 


* 
* * 

Several tables appended to Mr. Sims’s 
paper show the results of observations 
made. 
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RECENT DEVELOPMENTS 
IN RAILWAY PRACTICE. 


{ 624. 132.8 (.73) ] 


New 16-cylinder constant-torque locomotive designed 
by the Baltimore and Ohio Railroad Company. 


The Baltimore and Ohio Railroad has 
just completed the design of a powerful 
new locomotive which is a radical de- 
parture from the conventional type, but 
which nevertheless incorporates funda- 
mental engineering and mechanical prin- 
ciples whose efficiency has been amply 
proved. 

Built with 16 cylinders arranged for 
Constant Torque propulsion, the locomo- 
tive will produce a continuous flow of 
power similar to that of a multi-cylinder 
automobile — with smooth running and 
minimum vibration. It is believed that it 
will develop 5 000 horse-power, and that 
it will be capable of handling 14 stan- 
dard Pullman cars at a speed of 100 miles 
per hour on straight, level track. 

On June 3 last, the Baltimore and Ohio 
put into service the first four-cylinder 
4-4-4-4 locomotive of its type ever built. 
‘With its front pair of cylinders « pull- 


ing » the two forward pairs of drive 
and its rear pair of cylinders, (under t 
cab) « pushing » the second two pairs 
drivers, it has developed tractive eff 
equal to that of the Baltimore & Ohi 
biggest mountain type locomotive, 65 0 
pounds, and at the same time cut pist 
thrust and the weight of main and cc 
necting rods approximately in half. 
While this four-cylinder locomoti 
was being built, Daniel Willard, pre 
dent of the Baltimore & Ohio, fully st 
scribed to the soundness of its desi; 
and this has since been amply proved 
daily tests in heavy freight and pass 
ger service. Yet he stated that he con 
dered that the ideal steam locomot 
would be one with a power unit for eg 
pair of driving wheels — each unit to 
of a continuous torque type, direc 
geared to the axles of the locomoti 
Now this ideal design has been.develop 
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The locomotive has a 4-wheel front 
truck, four pairs of drivers, a 4-wheel 
trailer truck, and a tank mounted on two 
6-wheel trucks and carrying 23 tons of 
coal and 22 000 gallons of water. 


Counterbalancing eliminated. 


Each of its four driving axles will be 
driven by a Besler steam motor and each 
motor has 4 cylinders directly geared to 
its axle, so that there will be a total of 
16 cylinders with 32 power impulses for 
each revolution of the steam motors. No 
counterbalancing of any kind, and no 
main and side rods and crank pins, will 
be required, this new design thus entirely 
eliminating the hammer blows on tracks 
that result from counterbalance weights. 
The absence of main and side rods and 
other motion work, will also make it pos- 
sible for the driving wheels, with their 
independently mounted 4-cylinder steam 
motors, to accommodate sharper curves 
than with locomotives of conventional 
design. 

The gears and all other motion parts of 
the steam motor will operate continuous- 
ly in a bath of oil forced by a pump to 
the wearing parts, as is done in the mo- 
dern automobile. The cut-off position of 
the valve gear, together with forward and 
reverse motion, will be automatically re- 
gulated from the locomotive cab by 
means of an electro-pneumatic control. 

‘Yotal weight of the locomotive will be 
about 400000 lb., with 260 000 Ib. on the 
drivers. The starting tractive power will 
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be 72500 lb., giving a factor of adhesi 
of 3.6, which is more than ample whe 
there is constant torque. 


Water-tube type boiler. 


The boiler will be of the Emerson ¥ 
ter-tube firebox type with 775 sq. ft. 
heating surface in the firebox, and a to 
heating surface of 5800 sq. ft. It w 
have a superheating surface of 1530_ 
fl., will be equipped with feed wa 
heater, and will have a capacity of 115 
The Besler steam motors operate on 
guaranteed rate of 14 lb. per hor 
power/hour, so that when the locomoti 
is developing 5 000 horse-power, the « 
linders will require 70000 lb. of wa’ 
per hour while the boiler will evapor: 
80 500 lb. The working pressure of t 
engine is 350 Ib. 

The new locomotive will be very fl 
ible. It will have outside frames a 
spring rigging; also outside jour 
boxes, which will be oil lubricated. Ea 
pair of driving wheels with its attach 
steam motor can be quickly removed 
the drop pit for necessary repairs, su 
as turning of tires, adjustment of drivi 
boxes, etc. 

The locomotive will be streamlined 
the pattern developed for the Baltimore 
Ohio two years ago by Otto Kubler, ec 
sulting engineer of design, and which t 
been used in an adapted form for 1 
streamlining of the railroad’s diesel-el 
tric locomotives and its New York tra 
connection motor coaches. 


MISCELLANEOUS INFORMATION. 
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1. — Cylinder wear in internal combustion engines. 
Methods of prevention, 


by H. N. BASSETT, 
Chief Chemist, Egyptian State Railways. 


(Mcdern Transport.) 


ne of the heaviest items in the operating 
s of a motor vehicle is the fuel bill, and 
saving which can be effected in this 
lection is naturally of the utmost impor- 
e to an operator. The condition of the 
ne has a great influence on fuel costs, and 
s mainly on this account that the pro- 
| of cylinder wear is now receiving so 
h attention. Some wear, of course, is in- 
ble, but when it reaches a certain point 
ads to waste of fuel and overhaul is re- 
ed. There are several factors which con- 
ite to wear in the cylinders, a major one 
@ the presence of abrasive matter. This 
reach the cylinders either with the fuel 
y way of the lubricating oil; in the latter 
the source is usually the air used for 
gustion. Petrol is free from mineral ash, 
diesel fuels always contain some, the 
unt varying from 0.005 % to 0.05 %, 
7, as a rule, greater the more viscous the 
The ash is so extremely fine that it 
es all kinds of ordinary filters, the only 
which will remove it being a Stream-line 
r. For this reason it is advisable to put 
liesel fuel through such a filter after de- 
y to the storage tanks and before issue 
ehicles. 
rasive matter which circulates in the lu- 
iting oil should be removed from the air 
veans of a filter before the air enters the 
ders. There is no doubt of the necessity 
in air filter in the case of vehicles which 
to operate over dusty roads. An effi- 
_ oil filter will retain the bulk of the 
mnded matter, but periodic changing of 
oil (say, every 1500 to 2000 miles) is 
nmended. The oil thus removed can be 


cleaned by means of a Stream-line filter and 
used again, though in the case of oil from 
petrol engines, it is advisable to remove the 
light fuel hydrocarbons which have reduced 
the viscosity. Oil from diesel engines does 
not, of course, suffer such dilution and can 
be used directly after filtration. 


Operating conditions. 


The operating conditions also have an im- 
portant influence on cylinder wear. The use 
of too rich a mixture in petrol engines leads 
to the oil film being washed off the walls, 
as well as to excessive dilution in the crank- 
case. There is also ample evidence to prove 
that frequent starting and stopping leads to 
much more rapid wear than when the engine 
is allowed to run continuously. Tests have 
also shown that wear is less when the cylin- 
der walls are kept hot. 

This means that the temperature of the 
cooling water should be kept high, but not 
allowed to boil, therefore every care should 
be taken to keep the water spaces free from 
seale. Such seale, when formed, acts as a 
heat insulator, so that the wall temperatures 
rise excessively. In some experiments which 
were carried out with a motor vehicle engine 
it was found that « scuffing » (scoring) of 
the walls by the piston rings began when the 
temperature of the walls reached 400° F., at 
which temperature the lubricating oil film 
began to break down. Such a temperature 
can be reached easily if the water passages 
are blocked with scale. Scuffing leads to 
serious increase in fuel consumption. 


So far no conclusion has been reached as 
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to whether or not corrosion is the major fac- 
tor in cylinder wear, but there is reason to 
believe that it is. It would account, for exam- 
ple, for the big difference in the rate of wear 
of internal combustion engines and high-speed 
air compressors, for in the latter machines no 
wear takes place at all worth mentioning over 
very long periods. It would also explain the 
fact that wear is much more pronounced on 
cylinder walls than on piston rings, because 
the faces of the rings are not exposed to the 
corrosive effect of the gases resulting from 
combustion. The corrosion hypothesis to ex- 
plain wear would also account for the fact 
that hardness, of itself, does not seem to be 
the most important property in a liner or 
cylinder for resisting wear. 


Chromium -plating. 


A recently-introduced process which is 
giving goods results is the deposition of a skin 
of chromium on a specially prepared cast-iron 
surface. The skin so formed is extremely 
hard, and at the same time it is particularly 
resistant to corrosion, The wear under test 
was found to be a third of that which took 
place on nitrogen-hardened cylinders. It seems 
probable, therefore, that the problem of liner 
wear must be tackled by the provision of 
liners of specially prepared corrosion-resist- 
ine material. 

The finish of the bore in the first place has 
a good deal of influence upon its later life. 
During the running-in period the irregulari- 
ties of the bore are smoothed down, and in 
time a perfectly smooth surface is obtained 
upon which but lHttle further wear may take 
place. The particles of iron which are worn 
off in the period, however, remain in circula- 
tion and are abrasive. It is important, there- 
fore, to filter the oil after the first 1000 
hours of use, to remove this abrasive matter. 
If colloidal graphite is used the wear during 
running-in is less, and the finish obtained is 
better. Obviously the better the finish in the 
first place the sooner the final running skin 
will be formed, and therefore honing is recom- 
mended, and the addition of colloidal graphite 
to the honing fluid is of great benefit, 
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The running-in period. 


Lubrication is a decidedly important fact 
in cylinder wear, especially in the early da 
of the engine’s life. For the first thousa: 
miles it is well worth while to use a lub 
cant containing colloidal graphite, as by 
doing a smooth film (the so-called « grapho 
film ») is formed, This skin has a low ¢ 
efficient of friction, and is also resistant 
corrosion. Once the skin has been form 
there is less advantage in using colloidal gi 
phite. 

It is also important always to use oil 
good quality, even if it is not cleaned a 
used again. The amount of oil used in p? 
portion to the amount of fuel burnt is 
small that the additional fuel consumpti 
and the extra wear which result from t 
use of inferior oil more than counterbalar 
the saving in the cost of the lubricant. In 
rior oils lose their viscosity more read 
when heated than do those of better qualit 
they oxidise more readily, and hence foi 
more sludge in the crankease; they tend 
form heavier carbon deposits, and to jz 
rings in the grooves (which lead sometin 
to breakage of rings, and always to inefficie 
operation because of blow-by of the gases 
and they have a higher coefficient of fr 
tion. 


Compounded oils. 


It is largely a matter of personal pre 
rence whether the oil used is a straight mit 
ral oil or is blended with fatty oil or co 
pound. Excellent results have been and 4 
being obtained with straight mineral oils, b 
a compounded oil containing fatty oil or fat 
matter gives better results. One brand 
proprietary oils now available, besides bei 
blended with a fatty oil, also contains a ve 
small quantity of a tin salt, which slows dor 
the oxidation of the oils in use, hence po 
poning their deterioration. Such oils g 
better service than any mineral oil can pos 
bly give, because of their longer life bef 
appreciable sludge formation takes place 
the crankcase. Eyery endeavour should 
made to use as little oil as possible. The 1 
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ln excessive amount leads to the forma- 
of heavy carbon deposits which affect 
running of the engine, and which fre- 
itly cause the rings to jam. The use of 
rge quantity of inferior oil is not an ade- 
& substitute for a smaller quantity of an 
of high quality. An inferior oil is dear 
ny price, and should not be used. 


Conclusions. 


ne effect of the composition of the cylin- 
block or liners has been mentioned briefly 
ady. If it is conceded that corrosion is 
most important factor in wear (as it 
‘ars to be) and that abrasion is a less im- 
ant one, then obviously corrosion resis- 
e is the property most required. Hard- 
is also necessary, however, because some 
Sive wear does take place. This was de- 
strated in some diesel engines in an oil 
er, in which the port engine was run on 
nary boiler fuel, whilst the starboard en- 
was run on gas oil. The wear in the 
engine was six times as great as that 
he starboard engine. Many other instan- 
could be given of the same kind, showing 
a distillate fuel free from ash like gas 
is to be preferred to an ordinary boiler 
which contains ash. 
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Plain cast-iron is no longer widely used, 
either for blocks or for liners, because such 
very much better results can be obtained with 
alloy irons. Additions of nickel and chromium 
give irons with a hard, close-grained structure 
which are highly wear-resistant, whilst being 
readily machineable. A cast-iron containing 
2.5 % of nickel and 1 % chromium can be 
heat treated to give an extremely hard sur- 
face, 

It appears, therefore, that cylinder wear 
may be due to abrasive matter in the fuel, to 
corrosion, to lack of quality in the oil, and 
to a poor finish of the walls in the first place. 
Wear can be combatted by filtering the fuel 
before it enters the engine through a Stream- 
line filter : by maintaining the cooling water 
temperature fairly high (but taking care that 
the water spaces are free from scale) : by 
using a high-grade oil and by changing it pe- 
riodically by honing the cylinders before 
use, preferably with the addition of colloidal 
graphite to the honing fluid : and by running- 
in with colloidal graphite in the oil. The pro- 
blem of the composition of the metal of the 
liners has not yet been solved, but solution 
appears to be along the lines of provision of 
a reasonably hard, and also chemically resis- 
tant, close-grained cast-iron, and in this con- 
nection nickel-chromium irons are useful. 


2. — The wear of wire ropes. 


(Engineering.) 


1e problem of deciding when to scrap a 
1 wire rope has always occasioned a con- 
able amount of worry to those respon- 
for maintenance, and to clarify the mat- 
a good deal of research work has been 
ed out in recent years. Thus, the Insti- 
m of Mechanical Engineers had a Wire 
3 Research Committee in existence from 
until 1935, in which period five reports 
issued. These dealt largely with condi- 
of operation as affected by design, and 
dered as a main point the subject of fati- 
from repeated bending. It is also known 
the subject has been receiving the atten- 


tion of the Safety in Mines Research Board, 
for whom investigations have been carried out 
by Professor S. M. Dixon and Dr. M. A. Ho- 
gan, this work, which is still being continued, 
being in charge of the latter since Professor 
Dixon’s retirement. This investigation has 
covered the examination of a large number 
of worn ropes, and the results have been pu- 
blished from time to time either in special 
papers issued by the Mines Department or 
in the annual report of the Board. The Ame- 
rican Society of Mechanical Engineers also 
has a special research committee at work on 
the subject. 
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In the past, however incomplete our know- 
ledge, some working hypothesis has had to be 
adopted and there have been many attempts 
to devise rules which would ensure the remo- 
val of a rope before it had reached a dange- 
rous condition, while allowing a reasonable 
amount of wear. Such a rule is given, for 
instance, in No, 20 (c) of the Docks Regula- 
tions, 1934 (1), which reads 

« No wire rope shall be used in hoisting or 
lowering if in any length of eight diameters 
the total number of visible broken wires ex- 
ceeds 10 % of the total number of wires, or 
the rope shows signs of excessive wear, corro- 
sion, or other defect which, in the opinion of 
the person who inspects it, renders it unfit for 
use. » 

It will be noted, however, that this regula- 
tion only lays down a specific ruling in the 
case of broken wires and the question of what 
constitutes excessive wear is left to the exa- 
miner. 

The reduction in strength of a wire rope 
depends on the loss of metallic cross-section, 
provided there is no deterioration by fatigue. 
To estimate the loss of cross-section it is 
necessary to obtain the thickness of metal 
worn off the wires. This cannot be obtained 
directly from the loss in diameter of the rope 
because compression of the core and internal 
wear are also capable of producing a reduc- 
tion of the same order. If the width of the 
worn surface could be measured accurately the 
amount worn away might be deduced from 
this, but the normal roughening and burring 
of the edges of the worn surface render this 
method impracticable. Some years ago Messrs. 
John A. Roebling’s Sons Company came to the 
conclusion that a better estimate of the 
amount of metal removed could be obtained 
by measuring the length of the worn surface 
of the outer wires in the case of ordinary 
lay ropes (2). For Lang’s lay ropes it was 


(1) The Docks Regulations, 1934, 8. R. & 
O., 1934, No. 279. 

(2) « Re-Roping Charts », Wire Engineer- 
ing, 1931, June-July; « Stresses in Shaft 
Hoist Ropes », ibid., 1932, February-March; 
« Caleulating Remaining Strength in Lane’s 
Lay Hoisting Ropes ». ibid., 1932. July. 
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found more convenient to measure the dia 
nal width across the worn surface of th 
or more wires, measuring from the end of - 
worn surface on one wire to the beginning 
the worn surface on.the fourth wire. In 7 
case of ordinary lay the length increases w 
increase in the amount of wear, whereas 
the measurement chosen for Lang’s lay it 
creases. Nomographs were devised fr 
which, if the amount of wear on the wi 
and the number of broken wires were knoy 
the strength of a worn wire rope could 
determined. These charts were based on 1 
examination and tests of a large number 
worn wire ropes, but as the relation betwe 
the leneths measured depends on the lens 
of lay, they must clearly apply in the m: 
to ropes having lays resembling the Roebli 
standards. The complete chart consists 
two parts, the first having a nomograph 
which the three vertical scales are rope d 
meter, worn length, and percentage of W 
diameter remaining. The second nomogra 
scales are percentage of wire diameter rema 
ing, percentage of area of rope diameter 
tact, and number of broken wires in wo 
part. The first is used to give the percents 
of wire diameter remaining, and this is tra 
ferred to the second nomograph to determi 
in conjunction with the number of brol 
wires, the percentage of rope area intact. 
a typical case, a l-inch diameter rope show 
a worn length of 0.54 inch gave 70 % w 
diameter remaining. With no broken wi 
this gave a rope area remaining of 80 
Similar charts were prepared for six ty 
of round-strand rope in ordinary and Lam 
lay. Where the broken wires are not v 
formly distributed throughout the strands 
correction has to be made which may red 
the effective area by as much as 10 %. 
The application of these diagrams has b 
recently investigated in a series of tests: 
229 specimens from 79 worn ropes, which W 
made at the United States Bureau of St 
dards (3) in co-operation with the Spe 


—— 

(3) W. H. Fulweiler, A. H. Stang and L. 
Sweetman, « Inspection and Tensile Tests 
Some Worn Wire Ropes ». Journal of U- 
Bureau of Standards, vol. 17, page 401, 1s 
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irch Committee on Wire Rope, mentioned 
2, of the American Society of Mechanical 
neers. The specimens ranged in diameter 
1/4 inch to 3 1/4 inches and 18 diffe- 
types of construction were represented, 
f round strand. They hav been used on 
cranes, dredges, mine haulages, and on 
ers in vertical shafts. The specimens 
examined, the number of wires broken 
e worst lay was counted, and the diame- 
nd Jength of the worn surfaces measured. 
| this information the breaking strength 
2omputed with the aid of the charts. The 
mens were tested in tension, and the 
1 breaking load was somewhat greater 
the value computed from the charts. 
in, the case of 19 out of 109 specimens 
the breaking strength less than the com- 
| value. The most serious discrepancies 
red in ropes which had broken wires si- 
d between the strands and not on the 
surface. These « valley » breaks may 
been due to internal wear or to fatigue, 
er of which sources of deterioration are 
into account in the charts. Corrosion 
another cause of discrepancy. As the 
Ss were only intended to apply to ropes 
going external wear, these discrepancies 
t affect the general result of the investi- 
n, Which was to confirm the accuracy of 
harts. 
is to be noted that in these experiments 
ame method of measuring the strength, 
tic tensile test, was employed as in Roe- 
s tests, on which the charts were based. 
ded a rope does not contain any wires 
ad or broken by fatigue, there can be 
objection to the use of a static tensile 
or determining the strength. The case 
tirely different, however, if broken or 
ad wires are present. In a static tensile 
very considerable friction is developed 
en the wires and strands and a broken 
will take up its load again in a very 
distance. Consequently, only those frac- 
which are situated within a couple of 
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rope lays of the final break are effective in 
reducing the breaking strength. A wire rope 
in service is stressed while bending over pul- 
leys or drums, and the wires are in relative 
motion, so that the friction between them is 
much reduced. This allows the broken wires 
over a considerable length of rope to form 
part of the fracture, and the tensile strength 
may be much less than in a static test. For 
example, in some laboratory tests carried out 
at the German Experimental Mine (4) it was 
found that the load required to break a worn 
rope while moying over a pulley was only 
about a third of the tensile strength develop- 
ed in a static test by an identical piece of 
rope with the same number of broken wires. 
Aithough this may have been an unusually 
low result, it is of considerable importance as 
illustrating the need for caution in inter- 
preting the results of static tensile tests on 
ropes containing broken wires. 

Another reason for caution in dealing with 
ropes containing broken wires is that the 
breakages have been produced by the action 
of repeated stressing, which has also affected 
the remaining wires and still continues to do 
so. Hence, if, say, 10 wires out of 54 have 
failed in fatigue, there is no reason why any 
or all of the remaining wires should not fail 
within a relatively short time. Actually fati- 
gue deterioration tends to proceed at an ac- 
celerating pace because the failure of some 
of the wires causes the remainder to be over- 
loaded. 

In so far as the Roebling charts can be ap- 
plied to ropes suffering external wear, but 
free from corrosion, fatigue and internal de- 
terioration, the results can clearly be trust- 
worthy, and similar charts for the types of 
rope commonly used in Great Britain, if pre- 
pared, would probably fulfil quite a useful 
purpose. 


(4) H. Herssr, « Zur Bewertung von Draht- 
briichen fiir den Sicherheit von Foérderseilen >, 
Bergbau, 1934, 125. 
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TAJANI (F.). — Concorrenza e monopolio nell’ esercizio dei trasporti. 
ferrovia ed automobile (Competition and monopoly in transport matters. 


La lotta fra 
The struggle 


between the railway and the road motor vehicle). — A pamphlet (9} x 84 inches) of 
58 pages, illustrated. — 1936, Libreria Editrice Politecnica, Cesare Tamburini fu Camillo, 


Milan, Via G. Pascoli 55—Piazza Cavour, 2. 


In the opinion of the author, competi- 
tion between road and rail transport is 
one of the most important factors in this 
century’s economics. Particular atten- 
tion should be devoted to it owing to 
its effect on the financial position of the 
railways and the repercussions thereof 
on the general economics of the country 
in which it takes place. 

in his brief study of 56 pages, Sr. Taja- 
ni gives a brief and substantial review of 
the question. Obviously, he has the par- 
ticular circumstances of his own country 
mainly in view, but the considerations 
developed are in the main relative to 
phenomena obeying the laws of political 
economy, and therefore are of general 
application. 

The author has given the discussion a 
scientific basis, without, however, carry- 
ing the theory of the question too far. 
For this purpose, he uses the curve of re- 
quirements under a monopoly, obtained 
by plotting the traffic as abscissae cor- 
responding to the charges plotted as or- 
dinates, the charges being taken as being 
sufficiently diversified to cover the ac- 
tual needs and possible requirements of 
the public. The area between the curve 
and the horizontal datum line represents 
the possible receipts. That lying above 
the partial cost price represents the 
amount that can be allocated to the fixed 
charges. By this simple graphical me- 
thod the author is unabled to explain 
the results in concrete cases of trans- 
port competition and to predict what 
would occur under similar conditions. 

In the first chapters, which form the 


theoretical part, the author, by meal 
of the said monopoly curve, shows t 
essential differences between compet 
tive undertakings and those enjoying 
more or less marked monopoly. At tl 
same time, he shows how a wider p 
tronage can be obtained by a diversifi 
ation of the rates (according to kinds 
products) and by a differentiation 

the rates (according to the importan 
of the traffic). 


Having defined the various cost pric 
and analysed the expenditure, the auth 
shows how the use made of the tran 
can affect the cost per passenger-kilom 
tre and per tonne-kilometre. The notit 
of the partial cost price shows the vah 
of bulk traffic at low rates and also fl 
damage done by competition betwe 
lines covering the same services. 

In the subsequent chapters the abo 
ideas are applied to the various class 
of competition that may occur, betwe 
railways, between rail and road, ai 
other forms of transport. 

The author has no difficulty in showi 
that competition between methods 
transport of the same kind in the end 
not in the public interests as it imper 
the existence of the transport underté 
ings themselves. 

As regards competition between r 
and road, the railway, if it is to rete 
its traffic, must lower its rates bel 
the monopoly values, i. e. it must ap] 
to the higher classes of goods the ra 
for the low classes, which reduces 1 
gross receipts and makes it impossible 
distribute the fixed charges rational 
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> result is the more noticeable that the 
2d charges of the railway are higher 
n those of road transport. When the 
er reduces its charges to nearly its 
ss costs, the railway is forced to give 
a much greater proportion of the 
rage or gross cost. 
“he proposed solutions differ for pas- 
ger and for goods transport. In the 
mer case Sr. Tajani recommends-the 
nting of concessions. Free compe- 
on, even when restricted to the road 
riers, can only lead to their ruin or to 
eements between them. It is better to 
ide up the traffic authoritatively, i. e. 
means of concessions. By this means 
continuity of the public services can 
assured. Twenty years’ experience 
Italy shows that this method develops 
ffic in areas with neither railways nor 
mways. The proposed organisation 
yvides for the refusal of concessions 
ich would harm existing railways, 
ilst granting those which could bring 
ffic to it and avoid heavy construc- 
nal charges unjustified by the amount 
traffic to be dealt with. 
As regards goods transport, the author 
otes figures for the cost of carriage by 
ht and heavy lorries. These show 
it when only the partial cost is consi- 
red, the railway under competitive 
nditions will be obliged to abandon 
» monopoly rates for the high-rated 
ods, as the road carriers are compet- 
> with one another in a ruinous fash- 
1. The consequences, however, are 
ich more serious for the railways ow- 
3 to their higher fixed charges. The 
ss in Italy reaches 900 million lires 
r annum. 
The author does not suggest the con- 
ssion system as a remedy. He also re- 
ts the idea of collaboration as being 
dly defined and only meaning an 
reement to apportion the traffic. Now, 
s is the natural outcome of competi- 
n, i. e., a divided monopoly. More- 
er, it appears that the agreement would 
imposed in favour of the railway, 
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which is the competitor suffering the 
greater loss. 

He also considers the setting up of 
subsidiary organisations as inadequate; 
such organisations cannot do away with 
the cause of the harm done. Nor should 
the efficacy of technical methods, such 
as containers, road-rail wagons, etc... be 
exaggerated. Against this, the provision 
of private sidings should be made easier. 

The solution is to be found in the set- 
ting up of a co-ordinated and carefully 
supervised State monopoly. The system 
tested in Germany may be suggested; it 
resembles the Post Office monopoly. 

As is known, the Italian method is to 
fax road transport, the proceeds being 
paid to the Treasury to reduce the rail- 
way deficit (the tax is 12 centisimi per 
tonne-kilometre on transport for third 
parties and 8 centisimi for private traf- 
fic). The road transport competitive 
rates can be raised moreover by the 
State. This method must be considered 
as a logical application of the monopoly 
system. 

Sr. Tajani, however, suggests a correc- 
tive thereto. He sees the solution in the 
grant of concessions for carrying goods 
over routes not in competition with the 
railways. The concession holder would 
be required to fix maximum rates (with 
a goods classification), but could lower 
the rates to meet the competition from 
private transport which bears only low 
taxes. The concession holder also would 
be under the obligation to carry, or at 
least possess a minimum of equipment. 
The goods carried over other routes would 
only pay the present rates. The proposed 
system appears better than a_ trans- 
port tax over any route, as this may 
prevent goods of low value being carried. 

After reviewing the other forms of 
competitive transport, the author brings 
out the public service character of the 
railway which has to carry all traffic 
offered and is prevented from grant- 
ing agreed charges. He demonstrates 
the essential part played by the railway 
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in the national structure, and refutes the 
argument that the automobile represents 
progress before which the railway must 
give way and finally disappear. The 
road motor vehicle may make a good im- 
pression, as it forms a complement to 
existing methods, but it would be a mis- 
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take to hand over to it the essential p 
of the work. This is not saying tha 
has not its own special field of acti 
it has rendered services in areas w 
light traffic, where it has replaced r: 


ways and tramways. 
E. M 


CASTIAU (Marcel), General Secretary, Ministry of Transport (Belgium). — Le présex 
et l'avenir des transports en Belgique (The present and future of transport in Belgium 
— Abstracted from the Revue Economique Internationale. — A pamphlet (936% inches 
of 36 pages. — 1936, Brussels : Goemare, publisher, 21, rue de la Limite. 


This note completes the book « Les 
transports en Belgique et leur coordina- 
tion » (Transport in Belgium and its co- 
ordination) which was reviewed in the 
Bulletin for October 1936. It goes back 
to the question of .the steps already taken 
to improve the transport industry in 
Belgium and those which should be 
taken in the future. 

After reminding his readers that one of 
the causes of the present crisis is the 
excessive development of the means of 
transport as compared with the volume 
of traffic to be carried and insisting on 
the special position of the railway which 
entitles it to special consideration, the 
author gives the legal and administra- 
tive measures taken to regulate road 
transport. The last step taken concerns 
goods traffic. As in many other Euro- 
pean countries, a system of licences has 
been instituted. In the author’s opinion, 
these measures should be completed by 
a revision of the railway rating system 
on the one hand, and on the other by 
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LIPETZ (A. 1.), Chief Consulting Engineer, in charge of Research, American Locomotiy 


stricter regulations on the circulation 
private road motor vehicles. 

The intervention of the public aut 
rities has been criticised by certain ¢ 
riers. As regards inland navigation, | 
Castiau points out that its troubles | 
due rather to its own competition tl 
that from the railway, and he quo 
again some figures given in his previ 
book, as regards the actual cost of tra 
port by water, and the distribution 
the charges it has to bear. 

As regards the future of the railw 
the author formulates various consid 
ations which go to prove that it is ~ 
possible to foresee the road taking 
place of the railway, both as rega. 
passengers and goods, for many years 
come (a reservation which in our 
nion is disproved by the arauments 
forward). As regards canals, it wo 
appear to be a mistake to spend m 
on enlarging them or building new o 


BE. 


Company, Schenectady, N. Y. — Recent Developments in European Railroad Moti} 
Power. — A pamphlet (8 $12 inches) of 15 pages, with 17 figures, reprinted fro 


The Engineering Journal, February 1937 issue. 


Locomotive Works Limited. 


This pamphlet reproduces a very in- 
teresting lecture given by Mr. Lipetz, 
Chief Consulting Engineer of the Ameri- 


Montreal (Quebec), The Montr 


can Locomotive Company, on the re@ 
improvements made in Europe to st 
locomotives, diesel locomotives and 


IBER 1937 


railcars in order to get the ever higher 
eds required under the new operat- 
conditions. So as to be able to com- 
e the performances of these three 
ds of equipment. Mr. Lipetz makes 
of the « specific power factor », i. e. 
ratio of the power at the rail as de- 
nined on test to the weight of the 
im locomotive with half-loaded tender 
0 the weight of the diesel locomotive 
rain with full tanks as the case may 
he gives some very interesting com- 
ative tables in connection with this 
el. 

‘he lecture reviews the results obtain- 
in France by the rebuilding of certain 
es of locomotives on the principles 
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laid down by Mr. CHAPELON, by the adop- 
tion of new designs of exhaust, and the 
use of streamlining; the characteristics 
of new types of locomotives being built 
or designed in France are also given, and 
new features in steam locomotive design 
in England and Germany, and _ the 
pamphlet ends with a brief note on the 
rapid development of the diesel locomo- 
tive and in particular of the diesel rail- 
car, especially in France and Germany. 

Under these conditions, this review of 
the evolution of motive power in Europe, 
as seen by a specialist American Engi- 
neer, is of particular interest. 


Ay Gs 


LACE (Pierre), former pupil of the Polytechnical School, Engineer, Head of the Test 
Department of the Central Railway Equipment Designing Office (O.C.E.M.). — Chemins 
de fer — Agenda Dunod (Railways — Dunod Pocket Book), 1937 (56th edition). — One 
volume (4 x 6 inches) of CXLIV + 407 pages, with 98 figures. — Dunod, publisher, 
92, rue Bonaparte, Paris (6°). — Price, bound in imitation leather: 20 French francs. 


ivery year railway technicians find 
the Agenda DuNnop, « Railways », 
y important and up-to-date informa- 
1 on the permanent way (estimation 
the probable traffic, cost of construc- 
1 and operation, administrative for- 
ities, design of the track, feeder sta- 
is, traffic currents, etc...), on traction 
iin resistance, power of the locomo- 
‘s, loads, steam locomotives, railcars, 
tric traction and ferryboats); on 
ing stock (different designs of pas- 
ger and goods stock, brakes, lighting 
| heating, etc...); and finally on the 
ration (traffic, safety devices, rates, 
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receipts and expenditure, taxes, statis- 
tical information). 

The 1937 edition includes a table giv- 
ing the length of lines built to the dif- 
ferent gauges, and the following new in- 
formation 

Wooden, metal, and reinforced con- 
crete sleepers, and composite (wood and 
steel) sleepers. 

Notes on the calculation of the traction 
resistance. 

28 graphs giving information of va- 
rious kinds about steam locomotives. 

Ferryboats. 

Note on viscosity. 

1934 signal code. 


ROWN (H. G.), A. M. I. E. E. — The Lead Storage Battery. — A volume (5 1/2 « 8 3/4 
inches) of 202 pages with 101 figures and many diagrams. — The Locomotive Publish- 


ing Company, Ltd., 3, Amen Corner, London E.C. 4. 


‘he third edition of Mr. Brown’s book 
lead storage batteries has just been 
ied. This book deals with the elec- 


(Price: 5 sh.) 


trical characteristics of the accumulator; 
the structure and formation of the plates; 
the conditions applying to the use of sta- 
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tionary batteries; the auxiliary appara- 
tus : boosters, regulator switches, cut- 
outs, etc...; the care, treatment and repair 


of cells; battery testing, and in particu- 


lar the cadmium tests. Part of the book 
is devoted to portable cells and their 
use on motor vehicles, shunting locomo- 
tives, trucks, etc... 

The book ends with diagrams of stand- 
by lighting installations fed by batteries 


| G2t. 392 | 


BULLETIN OF THE InT. RAmWwAY ConGRESS ASSOCIATION 


OCTOBER 


and gives as an appendix a report on 
ionic theory and instructions for test 
the water and acid for the electrol 
The lead storage battery is widely u 
in railway plant and rolling stock, | 
this fully documented handbook 
supply the technician with the pract 
information he may require. 


As 


BONDY (0.), Dipl.-Ing., M. I. Struct. E., Consulting Engineer, London. — Modern Rai 
way Welding Practice. — A volume (5 1/2 x 8 1/2 inches) of 128 pages, with mat 
figures. — 1937, London, The Railway Gazette, 33, Tothill Street, Westminster, S.W. 


(Price: 5 sh. net.) 


In this volume, published by The Rail- 
way Gazette, Mr. Bondy has collected 
together a series of noteworthy articles 
published in this Journal and The Rail- 
way Engineer from 1934 onwards, on 
the most important applications of weld- 
ing in the various fields of railway 
working, more particularly in connec- 
tion with British and especially German 
practice. 

After a brief review of the progress 
achieved during the last years in the 
applications under consideration, the 
author devotes fully documented chap- 
ters to the construction by welding, par- 
ticularly in Germany, of wagons and 
coaches, and the use of welding pro- 
cesses in the construction of locomotives 
and railcars; in this connection he gives 
details about checking the welds by 
means of X-rays. 
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In a special chapter, the author cc 
ments upon, and compares, the reg 
tions and specifications on welding 
force in England and Germany in pa 
cular. Another part of the book 
cludes several chapters on the meth 
of building and strengthening raily 
bridges by electric welding, the c¢c 
struction of shelters on passenger stat 
platforms, and the most recent progr 
in rail welding. 

Consequently this book, edited w 
great care, and profusely illustrat 
gives in a concise form very valu 
information on the most recent prog 
in welding technique, in the const 
tion of railway permanent way, b 
ings and rolling stock. 


I, 


HUNGARIAN ASSOCIATION FOR TESTING MATERIALS. — 3rd International Day 
Rails (Budapest 8-12 September, 1935). One volume (11 1/2 x 8 1/4 inches) or 262 pa 
with many photos and drawings. — 1936, Hungarian Association for Testing Materi 


Budapest XI, Muegyetem. 


The questions on the agenda for this 
Rail Congress can be grouped under the 
following headings : 

I. General questions. 

II. Wear. 


(Price : 20 Rm.) 


III. Brittleness — internal stresses — ag 

IV. Experimental results in service. 

V. Design of points and crossings mad 
rails. 

VI. Welding. 


BER 1937 


he many reports presented to the 
gress are reproduced in this volume. 
shown by the summary, questions of 
sent-day importance were dealt with 
throughhly competent reporters. 

full list of the reports cannot be gi- 
, but the following are mentioned 
reference ; 

os & Hichinger : Results of laborato- 
and service tests on ordinary rails 
rarious qualities, or heat-treated. 
uhnel; Endeavours to improve rail 
Is in Germany. 

orber (Kaiser Wilhelm Institut) and 
jovar (Thyssen) : Contribution to the 
sstigation into the alterations in the 
tic properties of newly rolled rails 
ording to the time elapsed after leay- 
the rolls. 


ey: Results of tests of rails in ser- 
» on the Royal Hungarian State Rail- 
rS. 

eodorescu: Inspection of rails and 
lication of the results in practice. 
allik and Hoensch : Effect of straigh- 
ing on the elastic properties of rail 
ig 

chrénrock (Krupp): Investigation 
» the reciprocal wear effects between 
tyre and the rail. 

zeless : Rail wear tests by the Spindel 
hod. 

raki and Saito: Further investiga- 
is into rail and tyre wear, made by 
Japanese Government Railways. 
chulz and Gerold : Effect of internal 
sses on the life of rails. 


662 | 


BULLETIN OF THE INT. RAatLway Concress ASSOCIATION 


2075 


Munro : A method of revealing intern- 
al defects in rails (Sperry equipment). 


Bartel: Contribution to the investig- 
ation into the resilience of rail steel. 


Walzel : Investigations into the life of 
points and crossings. 


Meucci: Methods of preventing break- 
ages and excessive wear of rails in 
points and crossings. 

Huber : Investigation into the stability 
of jointless track. 


Csilléry and Péter : The weldability by 
the electric arc process of different rail 
steels. 

Melhardt : Autogenous welding of rail 
joints (Bohler X joints). 

Dobrowolski ; Building up worn rails 
by oxy-accetylene welding when repair- 
ing the track. 

Keel: Autogenous welding of rail 
joints and building up of worn rail ends. 

Mercier : Use of welding for securing 
electric connections on railway lines. 

Kazinezy : Mechanical tests of welded 
rail joints. 

Forcella : Paper on a special method of 
welding rail joints by the electric arc 
process. 

During the Congress these reports 
were discussed and information given by 
well-known specialists. The volume 
forms an up-to-date addition to our tech- 
nical knowledge on rails and will be 
consulted with advantage not only by 
permanent way engineers but also by all 
engineers interested in steel testing. 

its 1D): 


technique des industries du pétrole (The Technique of the Oil Industry) (Science et 
Industrie, a Monthly Review; special issue). — One volume (1012 inches) of 208 pages, 
profusely illustrated. — Paris, 29, rue De Berri. 


‘he oil industry covers a particularly 
t field from its extraction to its con- 
yption under the most widely differ- 
forms; new by-products giving rise 


to new utilisations are frequently being 
discovered. To celebrate the Second 
World Oil Congress, held in Paris in 
1937, the Review Science et Industrie 
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has published a special number with a 
great many illustrations, exclusively de- 
voted to this important industry. 

After having recalled the object and 
work of the firms engaged in the oil 
industry in France, and in particular 
the « Association Francaise des Techni- 
ciens du Pétrole » (French Association 
of Oil Specialists), the « Office National 
des Combustibles liquides » (National 
Liquid Fuels Office), and, as far as in- 
siruction is concerned, the « Ecole Natio- 
nale supérieure du Pétrole et des Com- 
bustibles liquides » (National High 
School of Oil and Liquid Fuels) of Stras- 
bourg, the book reviews the programme 
of the Second World Oil Congress which 
consists of five groups; geology and 
boring; physical chemistry and refin- 
ing; plant and construction; use of li- 
quid fuels; economics and statistics. 

A series of well documented articles 
are then devoted to oil prospecting and 
boring technics; very important articles 
deal with the present position of the 


[ G23. 6! (04 ] 


BuLLETIN OF THE INT. RammwAy CONGRESS ASSOCIATION 


OcTOBER ] 


hydrogenation problem in France ¢ 
abroad, with the adaptation of Frei 
refineries for the production of mod 
motor fuels, with petroleum as a raw 1 
terial for the chemical industry. We v 
also mention the interesting Notes on- 
position of French oil engine builde 
as regards fuel, on motor fuels witl 
very high octane content, on the ma 
facture of propane and butane, on ~ 
blending of mineral oils, on the pl 
used in the oil industry, on the devel 
ment of French oil ports, on the stor 
of hydrocarbons in France, on the u 
of paraffin and on questions of saf 
and hygiene in the oil industry. 

This brief enumeration of the artic 
contained in this publication shows 
wide interest for the oil technician, ¥ 
will find therein information as c¢ 
plete as it is varied, on questions wh 
are in the forefront technically spe 
ing. 


Ag 


PAULY (J.), Sous-directeur, Belgian Ministry of Transport, Secretary of the Advisor 
Committee on Tariffs. — Etude sur les chemins de fer vicinaux, leur cc-ordinatio 
aux grand réseaux (Note on light railways and their co-ordination with the main-lin 
railways). — A pamphlet (7 3X 64 inches), of 52 pages. — 1936, Editions du Comit 
Central Industriel, 33, rue Ducale, Brussels. (Price : 7 francs.) 


This pamphlet deals with competition 
between standard and narrow-gauge 
railways, made possible by the differ- 
ences in the rate systems, and the advi- 
sibility of remedying this state of affairs, 
which stultifies all the efforts made to 
obtain co-ordination of main-line and 
light railways, required by the public 
interests. 


The auhor does not minimise the cc 
plexity of the problem with which he 
dealing, an immediate solution of wh 
would certainly be impossible. But 
brings out the benefits that would 
crue from a close collaboration betw 
the two railway systems. 


